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Fic. 1. The Great White Throne—one of the chief scenic features 0! 
Canyon. Nearly 2,000 feet of solid rock above the river. (Photo by U. >. Nat. 


Park Service.) 











BIOTIC RELATIONSHIPS OF ZION CANYON, UTAH 
WITH SPECIAL REFERENCE TO SUCCESSION 


INTRODUCTION 


If one could have viewed the Zion Canyon region in southwestern Utah 
from some high aerial position continuously during the past fifty million years 
and preserved a record of the slow geological changes occurring below by 
taking a moving picture with one exposure say every thousand years, there 
would have been recorded in such a picture remarkable changes and trans- 
formations which led to the production of the now deep and narrow gorge, 
Zion Canyon. The net result of these changes and transformations and the 
striking feature of such a picture would be the movement of the canyon, plow- 
ing its way for 15 miles into the forest covered plateau with an ever-lengthen- 
ing stretch of desert plain cut in two by the river and its fringing forest of 
deciduous trees following in its wake. 

This movement produces interesting consequences. The river cutting into 
the solid rock creates bare areas. Biologically speaking, nature abhors a 
bare spot. These bare areas are invaded by plants in an effort to gain a 
foothold, or may also be utilized by certain animals. The pioneer plants 
attacking the bare rock, accumulate a little soil making it possible for other 
plants to gain a foothold and crowd out the pioneers. As the rock crumbles 
and more soil accumulates, successive types of plants establish themselves 
and crowd out their predecessors until a climax formation is reached where 
the occupants cannot be displaced under normal conditions. 

The presence of plants, furnishing basic food, makes it possible for veg- 
etarian animals to exist. Coincidental with the successive changes in the plant 
development, come successive changes in the vegetarian animal life. The 
presence of vegetarian animals, furnishing the basic food transformed into 
animal products, makes it possible for parasites and carnivorous animals to 
exist. 

As the canyon moves inexorably forward, the plant and animal communi- 
ties of a given place pass through a series of stages from the coniferous forest 
on the plateau above through successive types represented in the canyon and 
finally reach the desert plain stage trailing in the wake. The problem of this 
work is to piece together the historical picture as a basis for understanding 
present conditions. The physical contour, the operative principles and the 
etfective forces that exist as heritage from the past, all give clues which with 
proper interpretation and due allowance for modifying factors, should lead 
to a rational explanation based upon natural law. 

In this paper an effort is made to outline the natural history data of Zion 
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Fic. 2. A view of the lower part of Zion Canyon looking down stream. Great 
White Throne at left. Note comparative relationships of bare areas of cliff, talus 
slopes, and canyon floor marked by the river and its flood plains. (Photo by U. S. 
Nat. Park Service.) 
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Fic. 3. The desert plain with its flanking mesa in the background following in 
the wake of Zion Canyon. The distance is about 5 miles to the foot of the mesa. 
The principal component of the vegetative cover is the black brush, Coleogyne 
ramosissima Torr. (Photo by U. S. Nat. Park Service.) 











Ancus M. Woopspury mae ae 


National Park, Utah that has accumulated since 1925 during my work as 
naturalist at that place. [I am indebted to Drs. Joseph Grinell, C. L. Camp, 
Ik. ©. Van Dyke, J. M. Linsdale and FE. R. Hall of the University of Cal- 
ifornia, to Drs. R. V. Chamberlain, M. S. Johnson and W. P. Cottam of 
the University of Utah, to Dr. V. M. Tanner of Brigham Young University, 
to Messrs. I. T. Scoyen, George Grant, Ansel F. Hall, and Dr. Harold 
Bryant of the U. S. National Park Service, to Dr. H. A. Kelly of Baltimore, 
Maryland, to my wife and my son Lowell. and to others, too numerous to 
mention, who have assisted in many ways. 
THE PHYSICAL SETTING 

Zion Canyon is a gorge of mammoth proportions and vivid colorings. 
It is located in the extreme southwestern corner of the state of Utah, about 
45 miles from Nevada and 15 miles from Arizona. It was carved by the 
north fork of the Virgin River (Mukuntuweap River), which descends the 
steep slopes of the south face of the Markagunt Plateau, dropping down 
rapidly within 40 miles from altitudes of 10,000 feet on Cedar Mountain to 
7.000 feet on the plateau through which the canyon is cut and to 3,500 feet 
on the desert plain below the mouth of the canyon. Many small tributaries, 
flowing in from the sides, dissect much of the surrounding region into chasmic 
grandeur. 

The canyon is about 20 miles in length, running in a general direction 
slightly west of south. It varies in width from a slit just wide enough for 
the river in the narrows, gradually widening downstream to a mile or more 
across the floor near the mouth of the canyon where the town and fields of 


Springdale are located. It also varies in depth from one-half mile in the 
slit-like narrows to 3,800 near the mouth, a distance of 12 to 15 miles. 
The canyon walls in general appear practically perpendicular, although as 


a matter of fact, there are very few places that are not actually sloping. In 
the wider part of the canyon, the walls have a talus slope at the foot leading 
down toward the river, due to accumulated material fallen from the cliff 
above. In the narrows, the fallen material is swept away by the river, thus 
preventing the accumulation of talus. In general, the farther down the 


canyon the longer is the talus slope. 


I-ROSION 

The canyon is the resultant of the relative rates of erosion of two sets of 
forces; the river deepening its channel, thus extending the gorge farther and 
farther upstream and the weathering forces tearing off the sidewalls and 
slowly pushing them backward, thus widening the canyon and obliterating 
the older part below. 

The forces at work tearing off the side walls and widening the canyon 
may be considered principally under the categories of precipitation, tem- 
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Fic. 4. Hythergraphs of four stations in southwestern Utah made by plotting the 


mean monthly temperature and mean monthly precipitation as coordinates. 


Note the 


general agreement of the curves for each half of the year, the first half becoming 
progressively warmer and drier and culminating in a hot drouth period in June, the 
second half starting with a moist period and becoming slightly drier as winter ts 
approached. 
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Fic. 5. Hythergraphs of the Springdale station for different periods. The monthly 
means of temperature and precipitation for the years 1927 and 1928 are plotted for 
comparison with the mean. Note the irregularity of the curves for a single year. 
The 1927 curve shows no drouth for June and the 1928 curve no dry period for 
November. The precipitation of 1927 is twice that of 1928. 
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perature, and biota. Rain is important; it hastens disintegration by solution 
in penetrating the porous rock, by the trickling of accumulated water carry- 
ing abrasive sand grains, especially during heavy downpours, and perhaps by 
expansion and contraction due to absorption and drying. 

The effects of changing temperature are important both as heat in the 
summertime and cold (frost) in the winter. The repeated expansion and 
contraction, due to diurnal changes in temperature, widen the cracks and help 
to break off rock fragments; and that due to freezing and thawing of the 
surface rock, especially where moisture is present, may help disintegration 
noticeably. 

The roots of vegetation penetrating cracks and crevices in the rock not 
only exert an expansive force which helps to widen the crevices and break off 
pieces of rock but also disintegrate the adjacent rock by chemical means 
thus forming soil around themselves. Surface animals are often effective in 


loosening soil by trampling and subterranean species by burrowing. 


SorL 

The soil is composed almost uniformly of disintegrated sandstone from 
the cliffs, mixed in varying proportions with organic remains, except along 
the floor of the canyon, where deposition by the river has resulted in adding 
silt from shale and limestone brought from the higher reaches of the river 
and humus from the forest covered slopes near the head of the stream. 

The faces of the cliff contain very little soil, small amounts accumulating 
in cracks and crevices and around the roots of plants. On the talus slopes 
below the cliffs, a shallow covering of soil of varying depth has accumulated 
among the rock fragments and boulders fallen from the cliff. Many of the 
side canyons have a deeper accumulation, sometimes many feet in depth, the 
result of small stream deposition. The deepest soil occurs along the floor 
of the canyon, where it has been filled with rocks and sediment from the river. 
The soil appears to be suitable for normal plant growth even without the 
addition of organic material. 


THE PHYSICAL ENVIRONMENT 

The physical setting of the canyon modifies the factors of sunshine, pre- 
cipitation, air and gravity in various ways, breaking up their effects so that 
they are applied unevenly in different parts. The sinuosities of the canyon, 
the varying exposures and slopes of the cliffs and talus, and the depth of 
the gorge all tend to their diversification. The role of sunshine in the pro- 
duction of (a) light, (b) heat, and (c¢) evaporation and that of precipitation 
in the production of (a) runoff (floods), (b) soil water, and (¢) humidity 
are much modified in the different parts of the canyon. The effect of air 
movement (wind) is closely controlled by the guiding influence of the gorge. 
Air density, of course, varies with altitude. Gravity is continually at work, 
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pulling down rocks from the face of the cliffs, thus modifying the phys- 
iographic features, but is of particular importance to the biota on the steep 
slopes or vertical cliffs where plants have difficulty in clinging and animals 
in climbing. 

CLIMATIC FACTORS 

A basis for estimating the role of temperature and precipitation may be 
obtained from the United States \Weather Bureau records. These are avail- 
able for a station at Springdale in the mouth of the canyon since 1904 and 
for several other stations in the surrounding region for varying periods of 
time. In-the accompanying hythergraphs (Fig. 4), the mean monthly tem- 
perature and mean monthly precipitation have been plotted as coordinates. 
The resulting curves for four stations indicate close agreement as to general 
trend of the climate measured in this way for each half of the vear, the first 
half with its winter and early spring moist period becoming progressively 
warmer and drier culminating in a hot drouth period in June, the second half 
beginning with a moist summer period and becoming slightly drier as winter 
is approached. This indicates a double cycle of alternating wet and dry 
periods, the wet periods occurring (1) in winter and early spring, and (2) in 
late summer ; the dry periods occurring (1) in late spring and early summer, 
and (2) in late fall. 

These figures, however, give but slight idea of the actual conditions, for 
in general, the annual cycle does not tend to follow the mean. Hythergraphs 
of the Springdale station for two different years have been prepared for 
comparison with the mean (Fig. 5). The years 1927 and 1928 were chosen 
because they represent extremes in precipitation, the former with 19.87 inches 
of rainfall, the latter with 9.75 inches. These are indicative of the way the 
mean may be entirely upset, the year 1927 having no drouth in June and 1928 
no drouth in November. The important point is that the precipitation 1s 
very irregular. The mean is no definite indication of what is bound to occur, 
and is ordinarily not the critical period of tolerance or the limiting factor in 
the distribution of organisms. The critical period is the extreme which often 
goes much beyond the limits indicated by the mean. 

In this connection, it should be noted that the mean temperature does not 
descend to the freezing point. This does not mean that frost does not occur. 
The mean minimum temperature curve (Fig. 6) descends below the freezing 
point during December, January and February. Frosts, however, occur over 
a much longer period, the mean frostless season reaching from April 10 to 
October 23, a period of nearly 6 1-2 months, but the mean growing season 
for plants usually begins in March, sometimes as early as February. 

The precipitation occurs mostly in the form of rain with but very little 
snow in the winter time which does not usually last more than a few days 


at atime. Farther up the canyon above Springdale, it sometimes accumulates 
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Fic. 6. TEMPERATURE CURVES FOR SPRINGDALE 


Showing the mean maximum (upper), the mean (middle), and the mean minimum 
(lower) for the period 1904 to 1930. Note the abrupt rise in the curves between 
May and June. 
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Fic. 7. PRECIPITATION CURVES 


Showing the yearly distribution over a period of years for stations at St. George, 
altitude 2800 feet, and Springdale, altitude 3900 feet. 
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Fic. 8. TEMPERATURE AND RELATIVE Humipity CURVES 


A diagrammatic representation of relationships showing approximately the average 
condition of the daily rhythm through a hot dry period from June 23 to July 2, 1929 
(upper) and through a stormy period from July 15 to 31, 1929 (lower). Note the 
extremes during the drouth period. 
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to a depth of one foot or more, especially in the narrow part where the walls 
keep out the sunshine for a large part of the day. 

The accompanying graph (Fig. 7) showing the yearly distribution of 
rainfall at Springdale and other nearby stations is indicative of the fact that 
much of the rainfall is local in its distribution and that stations fairly close 
together may receive greatly varving quantities of rainfall during similar 
periods. [specially is this true of the summer thundershowers which are 
often extremely local in application and often the fall is so rapid that a large 
percentage goes off in the form of floods. The intensity of extreme showers 
or cloudbursts is illustrated by a storm which occurred on August 5, 1929 
when an inch of rain fell in 18 minutes and literally thousands of small water- 
falls came pouring over cliffs to unite in the river to produce a tremendous 
flood. 

The only humidity data available are from personal observations of 
relative humidity made with a sling psvchrometer during the summer of 
1929. From these data, I have plotted diagrammatic curves (Fig. 8) showing 
the relation of temperature and relative humidity at the museum where the 
canyon is medium in width, during two periods of the summer, one hot and 
dry, the other warm and stormy. Observations at the “Stadium” where the 
canyon is much narrower, at 11 a.m. and 5:40 p.m. indicate very definitely 
that the temperature is much lower and the relative humidity much higher 
in midsummer in the shade of the cliffs, especially in the vicinity of running 
water. 

INITIAL CAUSES OF BARE AREAS 


There is little doubt that the bare areas are due primarily to land elevation 
and its consequent stream degradation. However, there are many modifying 
factors, important among which is climate. A humid climate would hasten 
the destruction of the walls perhaps to the extent of keeping pace with 
degradation and greatly facilitate the covering of the rock with soil. The 
semi-arid climate of Zion Canyon has the opposite effect. Many auxiliary 
factors enter into the actual operations producing the bare areas. These may 
be grouped as (a) geologic, (b) climatic and (c¢) biotic. 

Two types of bare areas may be distinguished; the first type primarily 
bare as the result of exposure of solid rock or raw soil devoid of organic 
remains; the second tvpe only secondarily bare as a result of the removal 
from the soil of its living cover. These two types may be modified by the 
presence or absence of water producing wet (hydric) or dry (xeric) areas, 
and may or may not merge into one another so that the distinction is not 
always clear cut. 

With the headward movement of the main gorge toward the mountains, 
primary bare areas are exposed on the sides. Side canyons also retreat head 


ward ina similar manner digging lesser gorges which also produce bare areas 
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Fic. 9. Landslide, a short distance above the river bridge. One of the initial 
causes of bare areas, by removal of the biotic cover in toto. (Photo by U. S. Nat. 
Park Service.) 








Fic. 10. View of a boulder showing different stages of seral development, lichen 
pioneers, Moss successors, and grass, phacelia, fleabane, and cactus getting a foothold 
among the moss. (Photo by Joseph Dixon.) 
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on the sides. The walls or cliffs thus exposed being subjected to the erosional 
activity of rain, temperature changes, wind, vegetation, gravity, seeps and 
springs, the combined effect of which disintegrates the face or tears off 
rock masses, dropping the material so loosened to the foot of the cliffs where 
it builds up talus slopes. The effect is a slow recession of the cliffs—a 
movement of the bare areas. 

The talus material which is built upon solid rock underneath is composed 
of boulders, rock fragments, and disintegrated stone (soil) which is soon 
mixed with organic remains (humus). The rocks and rock fragments still 
constitute bare areas in smaller proportions. The talus moves slowly down 
the slope toward the river. This may be accomplished by means of hillside 
creep from expansion and contraction due to changes in temperature, by 
landslides, or by means of floods carrying sediment and making washes. 

The hillside creep may or may not cause bare areas, but landslides and 
washes nearly always do so. They may be of either primary or secondary 
origin. As the talus moves downward below, fresh material falls from above, 
usually more than compensating for that lost. Thus the talus slope tends to 
lengthen, keeping pace with the recession of the bare areas of cliffs above. 

As the talus reaches the river, the stream picks up the material and trans- 
ports it downstream, particularly during floods, leaving deposits of silt along 
flood plains which are left bare when the floods subside. Such floods also 
eat at the alluvial banks in the outer curves of its meanders, allowing the 
vegetative cover to fall into the stream, thus gradually moving the stream bed 
from side to side and creating secondary bare areas which are continually 
shifting with the movement of the stream. These bare areas are created by 
the undermining of the banks. As the stream bed thus shifts, bare areas 
follow on the inner side of the meander curve. 

The modification of dry bare areas by water may produce hydric bare 
areas. Seeps and springs emerging trom the face of the cliff, trickle down 
the wall covering the bare rock with water. Such water collecting into small 
streams and running down the talus slopes makes hydric bare areas along 
the beds of the streams. These flow into the river which represents the 
largest area of this type in the canyon and may be considered as an aquatic 
desert of sand. The river at ordinary stages varies from 25 to 50 feet in 
width but the flood plains cover areas often several hundred feet in width. 
In some of the abandoned meanders of the stream, small ponds persist and in 


some places, springs arise on the abandoned flood plains. 


Salt conditions occur in limited areas in one or two places where seepage 
water evaporates from the abandoned flood plains of the river, leaving a 
precipitate of soluble minerals in excessive quantity. Certain of the springs 
and seeps contain excessive quantities of mineral in solution, especially 
calcium. This is deposited in the form of travertine limestone in many places, 
building up deposits on the face of the sandstone cliffs. 
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Wind may pick up loosened sand grains and pile them into dunes. Such 
bare areas are, however, of very limited extent in Zion Canyon where winds 
are usually more or less controlled. 

Fire as a result of lightning has never been known to occur in the canyon, 
the lightning bolts being stopped by the high points on the sides or rims, 
where such fires are of frequent occurrence. Secondary bare areas occa- 
sionally result from man-made fires burning off the vegetative cover. 

They also result from biotic means. Ant hills, gopher mounds, squirrel 
and marmot holes, and the holes of fossorial insects are examples. These 
are usually numerous but small, seldom more than a foot in diameter and 
usually quickly covered by vegetation upon abandonment by the animals. 

3are areas created by man and his satellites are much more conspicuous. 
Such things as roads, trails, tunnels, houses, and reservoirs may be considered 
as more or less permanently bare. Gravel pits, rock quarries, and pipe lines 
are sources of bare areas more or less temporary in nature. 

Lumbering, clearing and cultivation in the pioneer days of the canyon, 
produced a profound influence on the biota according to evidence collected 
personally from old time pioneers. Many of the cottonwood trees formerly 
erowing along the floor were at one time cut and made into shingles. The 
log roads have long since been obliterated. The pioneers found hard work in 
tearing out the thickets of willow, squawbush, wild rose, and trees that 
originally covered the cultivable tracts. Cultivation of such tracts of land 
maintained bare areas except for cultivated crops and weeds, during a period 
of many years, ranging from about 1863 up to 1915. 

The grazing of domestic livestock, particularly cattle and horses, in the 


canyon has probably had a more profound influence upon the biota than the 


cultivation. The two have gone on, more or less, side by side since early 
pioneer days, and stock were finally excluded from grazing in the canyon 
about 1916. The production of bare areas has resulted from the trampling 
of the stock, making (a) trails thru the vegetation, (b) large bare spots on 
bedgrounds, and (c) from overbrowsing certain plants thus actually killing 
them. I recall the time about 1907 when the floor of the canyon outside of 
the enclosed cultivated fields was trampled so badly as to produce dust beds. 
Practically all of the smaller plants, except unpalatable weeds, were eliminated 
by grazing and trampling, leaving principally the trees and larger bushes 
which were trimmed by the grazing animals as high as they could reach. 
The talus slopes that were rough and rocky where stock had difficulty 
in climbing, fared better, although even there, trails were made in many places 
and the brush was heavily pruned. During heavy showers, the bare trails 
facilitated the run-off of water, which picked up loose silt and sand, thus 


aggravating the erosive action of the floods. 
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THE HABITATS 

The effect of the interaction of the physical setting of the canyon and the 
climate is to break the region up into a great many different habitats tor 
plants and animals to occupy. This produces a pronouncedly complex system 
within a very limited area. And yet, the effect usually consists of sharp 
contrasts with but little intergradation between the various units. This sharp 
separation of the distinct habitats helps to simplify the analysis of com- 
munities by producing sharp boundary lines to the range of some organisms, 
but on the other hand, increases the complexity in such cases as the mobile 
organisms which may range temporarily into adjacent habitats of ditterent 
type because of contiguity. 

The climatic records of Springdale previously discussed are indicative of 
conditions on the floor of an open part of the canyon where the full impact 
of the sunshine, is received during the major part of the day, the cliffs on 
the east and west shutting out only the extreme early and late sunshine, 
which because of its low angle of incidence, is of but little vital effect. During 
the critical summer growing period, this results in (a) almost normal sun- 
shine period; (b) intense light; (c¢) intense heat; (d) rapid evaporation ; 
(e) great decrease in relative humidity. When these conditions are com- 
bined with drouth, they produce critical limits beyond tolerance for certain 
types of organisms. 

Ascending the canyon, as the walls become closer and closer together, 
the sunlight period for similar situations is gradually restricted by the canyon 
walls cutting off successively more of the early morning and late afternoon 
sunlight, until, when the extreme narrows are reached, the sunlight period is 
limited to an hour in the middle of the day. In fact, there are places in the 
bottom of the gorge where the sun never shines. This results in restricting 
the role of sunshine as it affects light, temperature, evaporation and relative 
humidity to a shorter and shorter period during the day; 1.e. in ameliorating 
the summer climate. 

On south-facing cliffs and slopes receiving the sunshine for a long period, 
the effects of the sunshine are enhanced and intensified to extremes beyond 
the tolerance of most organic forms. On the other hand, the physical setting 
is such that cliffs and slopes face in all directions. The more they are directed 
away from the sun, the more the sunshine received ts deflected and dispersed. 
At the extreme, particularly on the north or northeast exposures, the effect 
of the sunshine is much reduced on this account. Where this condition is 
coupled with the narrow gorge, the net result may be stated as: (a) short 
sunshine period; (b) diffused light; (c) moderate temperatures ; (d) slower 
evaporation; (e) higher relative humidity. It should be remembered that 


north slopes alone (if steep and deep enough) or narrow gorge alone may 


produce equivalent results and that between these two extremes may be 

















Ecological Mone graphs 


164 Ancus M. Wooppury Vol t 


\ 
~ seas & 


found practically all intermediate effects of light, temperature, evaporation 
and humidity due to the various combinations of exposure and sunshine 
period. 

Rainfall, if heavy or long continued, produces runoff streams (floods). 
Water from light storms is often completely absorbed both in the sandstone 
and in the soil without producing runoff. The sandstone, however, becomes 
saturated at the surface much sooner than the soil during a storm. Much 
less of the total precipitation is absorbed in the areas of bare rock than in the 
soil covered areas. 

Solid rock absorbs less water than the soil, but due to better capillarity, it 
holds what it does absorb much better. According to measurements made in 
drilling the Zion-Mt. Carmel tunnel, the solid rock, a short distance back 
from the surface, constantly maintains approximately 7 to 714% moisture 
by volume or 3 to 3'%2% by weight (Finch, 1931). Such water is held by 
capillarity. Additional water entering the rock from the surface, settles by 
gravity until it reaches an impervious layer, where it collects until the rock 
is saturated (about 12% of its own volume) forming an underground lake. 
Where erosion cuts into such underground lakes, water oozes from the faces 
of the cliffs making seeps, or if emerging in well defined channels, springs. 

The water from seeps and springs collecting together makes small streams 
(creeks) which flow into the river, a much larger stream arising higher in 
the mountains. [Tools and ponds occur in various places, especially in 
abandoned ox-bows of the river. All of the aquatic situations produce 
distinctive habitat conditions. 

The adverse climatic conditions of summer are due largely to lack of mois- 
ture at critical periods. The presence of water acts as an ameliorating influ- 
ence. Within the sphere of influence of the water, such critical conditions 
are largely reduced or eliminated, providing a plentiful supply of water for 
the needs of more mesophytic plants and animals than the desert climate 
alone can supply. 

Soils, though for the most part, composed principally of disintegrated 
sandstone, are particularly variable in depth and are modified greatly by 
local temperature and moisture conditions. Except along the floor of the 
canyon, where the soil may be of great depth, it is a comparatively shallow 
covering over bedrock or boulders composed of the same sort of material. 
Even on bare rock, small amounts of soil have collected in the cracks and 


crevices and afford a foothold for growing plants. 


NOMENCLATURE 
In attempting to deal with biotic communities, difficulty was encountered 
in finding terms of biotic significance. Many of the terms of both botanical 
and zodlogical nomenclature were restricted in meaning or usage, often apply- 


ing to one field only. Others of use in both fields had divergent meanings 
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making it difficult to use them in a treatise that required a unitied term- 
inology. Such terms as colony, society, and family are examples. The word 
colony, it would seem, by eliminating the differences in meaning, is worthy 
of a definite place in biotic ecological nomenclature. [ts meaning in zoology, 
such as in ant colony, colony oft bees, colony ot rodents, and even colony ot 
human beings, seems clearly enough established—a group of similar forms 
more or less isolated. This is practically equivalent to the term family in 
plant ecology as defined by Weaver and Clements (1929, p. 51). The term 
family has a very definite preoccupied place in the taxonomy of both plants 
and animals and should be ineligible for a different usage in ecology. Sim- 
larly the term society, if the definition of lverdes (1927, p. 4) implying a 
mutual attraction or social instinct be accepted would be ineligible for plant 
groups. 

An attempt has, therefore, been made to provide a vocabulary of Iiolog- 
ical significance by drawing freely from both fields those terms which seem 
to be suitable to fit the concepts of the broader biotic field and to arrange the 
selected terms in series, designed to afford separate sets of terms for use in 
analyzing communities in different ways. The following terms appear to the 
writer to cover the more important concepts: 

I. OrGANIC ENTITIES 

A. Cell individuals—simple cells, Protophytes and Protozoans, 

B. Complex individuals—Metaphytes and Metazoans. 

C, Communities—groups of individuals of any rank, a general term denoting any 
sort of group organization. 


1. Associations or aggregations—communities held together primarily 


the environment (habitat), (Alverdes, 1927, p. 4). 


by mutual attraction 


2. Societies—communities held together primarily 


the members (social instinct), (Alverdes, 1927, p. 4) 


Il. Units or Quaritative VaALut 
A, Dominating forms—the organisms in control 
1. Dominants—the organisms that control the habitat at any stage of deve! 
opment; those that receive the full impact of the environment and_ si 
alter it as to affect the habits of their associates. They are usually plants 
on the land and animals in the water. 
Codominants—any of the equally dominant forms 


Predominants—usually animals or parasitic plants of outstanding abu 


w bo 


dance or conspicuous influence which are effective in 
(a) giving aspect to the community, 
(b) altering the appearance of the habitat, or 
(c) conspicuously affecting, either temporarily or permanently — the 
community or the environment. They usually affect the dominants 
in a conspicuous way. 
4. Seasonal predominants—predominants effective during the active open 
season only, including such forms as summer or winter residents, ete., if 


of sufficient importance. 
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5. Subdominants—organisms which affect or dominate only an appreciable 

part of their environment, usually under the influence of the real 
dominants. 

}. Suppressed forms—all other organisms not included in the dominant groups; 


». 


— 


those which are dominated. 

1. Influents—organisms that are usually effective in modifying the well- 
being or the relative numbers of the dominant groups or of other influ- 
ents without changing the essential structure of the community. Their 
roles are generally shown as (a) benefactors, (b) competitors, (c) par- 
asites, or (d) predators. Their reactions may be shown by (a) planting 
seeds, aerating soil or other beneficial activity, (b) competing for food, 
space, light, moisture, etc., (c) destroying foliage or other parts of plants, 
(d) parasitizing hosts, or (e) destroying entire individuals. 

2. Subinfluents—organisms of lesser effect or shorter period of influence. 


~ 


III. Community Units 
A. Morés—the ecological units, equivalent to species; groups of organisms in full 
agreement as to physiological life history. Morés may include more than one 
species, or species may include more than one morés, e.g. the larval, pupal, and 
adult stages of insects may consist of separate morés. 

B. Colony—a group or cluster of individuals of a morés or species living to- 
gether, whether of social or associational value: an extension of its zoological 
meaning into the field of ecology to replace the term family used in plant 
ecology (Weaver and Clements, 1929, p. 51) because of its preoccupied place 
in taxonomy. 

C. Clan—a group of organisms (individuals, morés or colonies) occupying a 
recognizable horizontal division of a unit area; similar in concept to a simall 
association. It is to a horizontal division what stratum is to a vertical divi- 

sion. It is an adaptation of the term from plant ecology with its meaning 

shifted somewhat to fit this concept in the biotic field. The term as here used 
is almost equivalent to the term colony as defined by Weaver and Clements 

(1929, p. 53), necessitated by the changed status of the term colony. 





D. Stratum—a group of organisms (individuals, morés or colonies) occupying 
a recognizable vertical division of an uniform (unit) area; equivalent to the 
plant layer societies. It is to vertical divisions, what clan is to horizontal 

divisions. The chief strata may be listed as: 
1. Aquatic 

(a) Subaquatic (subsoil) 

(b) Benthic (on the bottom) 

(c) Limnetic (free forms) 
Nekton (free-swimming forms) 
Plankton (drifting forms) 

(d) Neustonic (surface forms) 





(e) Emergent (projecting or attached thereto) 
(f) Aerial 
2. Terrestrial 
(a) Subterranean 
(b) Sublithic (under rocks) 
(c) Surface 
(d) Ground litter 
(e) Herb 
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(f) Shrub 
(g) Tree 
(h) Aerial 
E. Association—the biotic unit; usually a group of lesser units; a biotic com- 
munity characterized by its essential homogeneity, at least with regard to its 
dominant groups, in 
(a) ecological structure 
(b) biotic composition 
(c) physiognomy, and usually 
(d) habitat 
In this sense, it includes the developmental steps from initial to climax stages. 
F. Formation—the climatic unit of biotic communities, usually including a group 
of associations, which implies the inclusion of all developmental (successful) 
steps within its borders. 
G. Province—the geographic unit, usually including a group of formations. 
H. Region—the primary division of the earth, whether marine or terrestrial, 


usually including a group of provinces. 


IV. Succkssionat Types 
A. Sere—a developmental successional series of biotic populations ranging from 
bare areas (nudation) through the various stages of change and development 
to the climax (approximate stabilization). It is the unit succession. Seres 
may be classified : 
1. As to duration 
(a) Prisere—a sere beginning with pioneers on a primary bare area. 
(b) Subsere or secondary sere—a sere beginning on an area second- 
arily bare as a result of the removal of the biotic cover. The be 
ginning corresponds to some intermediate stage of a prisere 
2. As to beginning 
(a) Lithosere—beginning on bare rock. 
(b) Psammosere—beginning on bare sand. 
(c) Halosere—beginning on a bare salty area. 
(d) Ete. to fit the occasion. 
3. As to direction of development 
(a) Xerosere—a sere beginning with a bare dry area and developing to 
a terrestrial climax. 
(b) Hydrosere—a sere beginning with a bare wet area and developing 
to a terrestrial climax. 
(c) Aquatosere—a sere beginning with a bare wet area and developing 


to an aquatic climax. 


Under the heading of Spring Brooks (p. 178), an attempt has been made 
to show that certain areas of rock acquiring seeps and springs, gradually 
develop more and more water, thus passing through successive stages of 
springs, brooks and river. Thus, in addition to a sere beginning with a bare 
wet area and developing to a terrestrial climax, there is a sere beginning with 
a bare wet area and developing to an aquatic climax, for which the term 


aquatosere is here proposed. 
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V. DEVELOPMENTAL UNits (Successional Stages) 

A. Pioneers—those plants or animals which invade a primary bare area and _ per- 
sist upon it. They are usually hardy plants which can exist upon bare rock or 
animals whose food (excluding microscopic forms) comes to them from else- 
where. The pseudopioneers of a secondary bare area are equivalent to some 
subsequent stage of the developmental series. 

B. Developmental Series. 

1. Associes—the developmental group which produces an association when 
the climax is reached; an association in process of development; the 
biotic developmental unit. 

(a) Presocies—a morphological part of an associes characterized by 
the presence of one or more predominants, usually animals or 
parasitic plants. 

(b) Consocies—-a morphological part of an associes characterized by 

the presence of a single dominant among the balance of the biota. 

(c) Subsocies—a morphological part of an associes characterized by 

the presence of one or more subdominants under the general in- 

fluence of the dominants. 
(*. Climax Series 
1. Association—the biotic unit characterized by its essential homogeneity of 


structure, biotic composition and physiognomy, usually involving more 
than one dominant, but including the entire biotic population of a given 
habitat. 

(a) Presociation—a morphological part of an association character- 
ized by the presence of one or more predominants, usually animals 
or parasitic plants, e.g. deer, mistletoe. 

(b) Consociation—a morphological part of an association characterized 
by the presence of but a single dominant; the equivalent of an 
association containing only one dominant. 

(c) Subsociation—a morphological part of an association characterized 
by the conspicuous presence of one or more subdominants under 
the general influence of the dominants. This is the equivalent of 
and is proposed to replace the term society of Clements (1928, p. 
131) and of Weaver and Clements (1929, p. 48) but to be applied 
on a broader scale to the biotic field. If the definition of society 
given by Alverdes (1927, p. 4) be accepted, it is obvious that it 
would be ineligible for botanical use. 

2. Formation—the final stage of biotic development in climatic unit; it 1s 
the climax community of a succession, either plant or animal or both, 
which terminates in the highest life forms possible with the available 


biota in the climate concerned. It may include several associations. 


VI. Crrmax Types 
A. Climatic climax—a climax in which climate is the controlling factor. 
1. Subclimax—an approximately stable community in which factors other 
than climate are the stabilizing factors. 
(a) Edaphic—in which soil is the controlling factor. 
(b) Aquatic—in which water is the controlling factor. 
VII. DistripuTionaL Units 
A. Range—the geographic area of occurrence; the area included within the ex- 


terior boundaries. 
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B. Distribution—the geographic localities of occurrence within the area of the 
range. 

C. Habitat—the particular kind or type of area occupied including recognition of 
its modifying factors. 

D. Niche—the microhabitat or ultimate division of the habitat including recog- 
nition of its modifying factors, occupied by morés or species. 


THE BIOTIC COMMUNITIES 

As would be expected from the great diversity of the habitat conditions 
in Zion Canyon, there is also great diversity in the biotic communities occu- 
pying the habitats. One of the interesting features is the amount of contrast 
among the communities. The great masses of summer-green foliage occupy- 
ing the floor and the talus slopes stand out in striking contrast with the vivid 
vermilion-colored cliffs which for the most part are bare except for the dots 
of green where trees and bushes grow from crevices in the rock. 

If these communities be analyzed, it is found that the groups contain 
plants of very diverse character, such that they might be considered equiv- 
alent in latitudinal distribution to stages ranging from the coniferous forests 
of lower Canada to the desert shrub growth of the plateaus of Mexico (a 
thousand miles of latitude), or in altitudinal distribution to those investing 
the slopes of a nearby mountain from the lower coniferous forests down to 
the deserts at its foot (three to four thousand feet in altitude). The sur- 
prising thing about it is the aggregation of so many varied types in such a 
limited area—a canyon twenty miles in length with all of these diverse types 
represented between the altitudes of 3800 and 4500 feet. The boundary lines 
between the communities are usually sharp and distinct. They are largely 
determined by angles of slope or exposure or by the limitation of water sup- 
plied by springs or streams. 

The normal zonal arrangement of plants, while in general applicable in a 
broad way to the vegetation of the surrounding region, is, in the canyon 
itself, almost impossible of application. Plants ordinarily associated with 
three life zones, Lower Sonoran, Upper Sonoran and Transition are often 
telescoped or “scrambled” together, as illustrated by the occurrence of the 
desert scrub Yucca baccata Torr., side by side with the Transition Zone tree 
White Fir, Abies concolor, Lindl., in a small area at the mouth of Refrig- 
erator Canyon (altitude 4800 feet). While the physical factors (climatic, 
soil (edaphic), moisture and physiographic) are of primary importance in 
determining the types of plants that can develop in a habitat, the biotic fac- 
tors are often paramount in determining which will survive and give the 
community its character, as in the competition of plants and the foraging of 
animals. 

The plants, of course, furnish the basic food material for all of the ani 


mals, directly to the vegetarians, indirectly to the others, the carnivores, the 
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predators and the parasites. In addition to food, animals must have shelter 
or places of protection and suitable breeding places. The lack of any one of 
these factors may be crucial in determining whether or not they can persist in 
any community. However, there are cases in which these necessities are 
found in different habitats or different communities and the animals pass 
from one to another in seeking them, as in the case of the bats which find 
shelter and breeding places in the dark crevices of the cliffs and boulders and 
yet forage for food through the aerial stratum of almost all of the other 
communities. 

Sometimes these necessities are multiplied by different requirements at 
different stages of the life history, as in the case of certain insects where the 
larval, pupal and adult stages require distinct microhabitats. If any one of 
these essentials is missing, it may prevent the persistence of the species in that 
community. The larvae usually require food and shelter or protection; the 
pupae protection or shelter only; whereas the adults may require all three 
factors, food, shelter or protection, and suitable breeding or nesting places. 

The great diversity of the physical factors in the canyon affects the 
animals as well as the plants, although the effect is produced largely through 
the agency of plants. The terrestrial plants being the dominantly visible 
fixed forms of life that modify the landscape, receive the direct impact of 
these physical environmental factors and modify them in various ways, no- 
tably in the production of food, shade or shelter, or of building materials 
that are of value to the animals. The effect is to multiply the variations and 
produce many microhabitats or niches suitable for animals to occupy. 

The animals that thus make use of the plant products receive the impact 
of the environment as modified by the plants and modify it still further, thus 
providing additional niches which other animals may occupy. These addi- 
tional niches may provide hosts for parasites, shelter in the burrows or nests, 
secretions or waste products of digestion, or food for carnivorous forms. 

Thus it may be maintained that the physical factors (physiography, soil, 
moisture and climate) largely determine the type of dominants that can 
occupy an area. These dominants then, in conjunction with the physio- 
graphic and climatic factors, determine the type of niches that can occur under 
their influence. The niches thus provided definitely limit the types of organ- 
isms that can fill them and persist under the regulating influences controlling 
the niches. In this way, a definite series of relationships may be developed. 
Such a series definitely points toward the idea of community organization 
and distinct communities under distinct types of dominants. It may be in- 
ferred, that where dominants succeed one another in the seral development 
of communities, we might expect successively different trains of biotic occu- 
pants of the- niches, or different recognizable communities. 

This expectation appears to have valuable support from actual observations 
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in the area under consideration. The various communities herein analyzed 
show high percentages of species limited to one particular community. The 
occurrence of species in more than one community may be explained upon the 
basis of similarity of niches developed under the influence of different dom- 
inants or upon the basis of the occupants being able to endure a wide range 
of environmental conditions. 

In attempting to classify the communities, I have followed the idea of 
development advocated by Clements and have attempted to apply it to the 
lnotic field. The recognition of communities is based largely upon the size of 
area or importance in aspect, but rank is assigned in accordance with the 
seral stage of development. Five climatic formations are recognized, four of 
which correspond to formations of Weaver and Clements (1929, p. 425) but 
are here applied to the biotic field. The fifth is the Virgin River Formation 
with its attendant train of antecedent and consequent biota. The reasons for 
this are discussed in connection with the consideration of the communities 
concerned, 

The following tabulation shows the suggested classification of the biotic 


groups: 


THE VirGIN RiveR FoRMATION 
Hanging garden communities 
Alga-snail associes 
Feern-columbine associes 
Spring brook communities 
Alga-tadpole associes 
Pond and swamp communities 
Cattail-rush-dragonfly associes 
Sedge-rush associes 
Flood plain communities 
IVillow associes 
Cottonwood associes (subclimax ) 
River communities 
Sucker-minnow association 
CONIFEROUS FOREST—PETRAN-MONTANE FORMATION 
Pine-fir association 
Decipvuous CHAPARRAL FORMATION 
Lichen-moss pioneers 
Maple-ash associes 
Oak-sarvisberry association 
PyGmMy Forrest FORMATION 
Lichen-moss pioneers 
Mansanita-live oak associes 
Juniper-pinyon association 
DeESERT SCRUB FORMATION 
Lichen-moss pioneers 
Black-brush (Coleogyne) association 


Creosote bush (Covillea) association 
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BARE ROCK 

The discussion of this bare rock community deals with the cliffs and 
fallen boulders which are not modified by the ameliorating influence of 
perennially running water. .\reas of bare rock covered by trickling water 
pass through the early part of a sere so rapidly that they soon develop a 
biotic cover. They are treated in connection with the next community. 

The various stages in the development of the bare rock areas may occur 
either on the faces of the cliffs or on the fallen boulders or rock fragments. 
One of the best illustrations that I have seen is a large boulder and its neigh- 
boring rocks along the old trail nearly to Emerald Pool. On south exposures, 
crustose lichens growing in isolated groups represent the initial stages of 
hardy symbiotic plants that attack the bare rock, disintegrating slight quan- 
tities to form soil. This is made possible by the nature of the symbionts, the 
lichen consisting of a fungus which absorbs and holds moisture when it 
rains and an alga which manufactures food. The exchange of food and 
water between the two makes it possible for the lichen to persist on the dry 
bare rock. 

On the north exposures and on the flat upper surface of the boulder, 
moss occurs. In places, it may be found associated with the lichens, indica- 
tion that the latter had provided sufficient soil and prepared the way for the 
moss to gain a foothold and grow. In other places, the lichens have been 
entirely displaced by the moss (fig. 10). 

On the upper side of the boulder, the moss has almost completely covered 
the surface. Further disintegration of the rock, accumulation of dust from 
the air, and production of humus from dead moss has resulted in the produc- 
tion of a small quantity of soil, sufficient to give a growing place for certain 
seed-bearing plants. A cactus (Opuntia sp.) and some grasses have taken 
root and are growing on the upper surface among the moss. In contrast to 
the cactus, surrounding the boulder, :s a dense stand of deciduous chaparral. 
The cactus evidently occupies a microhabitat impenetrable by the chaparral. 

The first stages, the lichens and mosses, are so adapted that they grow 
during the time that moisture is available, but go into dormancy during dry 
periods and can endure a great deal of dessication. The cactus, however. 
avoids dessication and dormancy by storing moisture in its succulent tissues 
protected from evaporation. 

The early stages of development may be avoided in some cases where soil 


-... collects directly from physical erosion, particularly in cracks and crevices and 
in cases where falling boulders pulverize. Under such conditions, fern spores 


or flowering plant seeds may secure lodging places and the young plants 
establish themselves without the aid of preliminary pioneers. I have seen 
examples of the following plants which are believed to have been established 


in this way: 
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meme CURIE) MENON ie ek Sieh abies ncaciewnsdnees’ ... Sealy Lipfern 
Pellaca suksdorfiana Butters.....................2.-.. Suksdorf Cliffbrake Fern 
FEPoree cacepitarum CNUAE) ook cckcs iis clean esas cncesecend de. Rockplant 


Laphamia palmeri A. Gray 


A slope of loose sand made from the pulverized remains of a tremendous 
rock-fall in 1880 is now nearly covered by seed-bearing plants of many kinds, 
principally chaparral and smaller plants, although it has not yet reached the 
climax type which will eventually cover it. This is the slope below the Big 
Red Arch. A similar rock-fall from the south side of the ast Temple in 
1929 produced a loose sandy slope or fan that is still bare and will afford 
opportunity to study the progress of its development. 

The animals inhabiting a bare rock community, excluding the microscopic 
forms, have little in common with the plants of that community and are 
practically independent of them. Whereas the principal problem of the plants 
is that of wresting moisture with its dissolved nutrient minerals from the 
xeric rock, that of the animals is much more complicated, involving questions 
of food, safety and reproduction. As a rule, the dry-rock plants of such a 
community furnish little if any, plant material available for food of the larger 
animals. Most animals must, therefore, obtain their food from other com- 
munities, either going after it or waiting for it to come to them. The animal 
life is, therefore, not a homogeneous part of the community, being dependent 
upon the proximity of other communities for its animal structure. 

Some animals use bare areas as transitory alighting places; others find 
shelter or protection among the rocks; some find suitable breeding places in 
addition to shelter; others find suitable feeding places where food comes to 
them; while still others spend their entire life cycle in this habitat. Typical 
of the latter is the black widow spider, Latrodectus mactans (Kabr.). The 
female of this species spins its irregular web on some bare rock in front of 
a hole or crevice where she can find a retreat, attaches bundles of eggs in 
silken containers to the web usually in the shade and lies in wait for prey. 
The prey usually consists of insects of the first group in transitory movement 
over the bare rock. Spiders of the genus Tetragnatha often use bare rock 
for the construction of their regular orb-webs, but are limited to the vicinity 
of water, and do not require a hole or crevice as a means of retreat. 

Certain lizards are typical bare rock forms. The small insectivorous U’ta 
levis Stejneger spends most of its time while seeking food or sunning itself 
on bare rock, retreating to shade when too hot or to crevices for protection 
at night, but no doubt, must leave the bare rock for nearby patches of soil 
to deposit its eggs. The Stejneger blue-bellied lizard, Sceloporus elongatus 
Stejneger, sometimes suns itself on rocks or boulders and catches passing 
insects but will also climb the trunks of trees and the walls of houses. The 
chuckwalla, Sauromalus obesus (Baird), will sun itself on boulders and _ se- 


cure safety and protection in cracks and crevices of the rocks, but being 











174 Ancus M. Woopsury ae 
vegetarian, it visits the neighboring plants for food and, no doubt, deposits 
its eggs in nearby patches of soil. 

Certain insects and birds use bare rock areas for nesting sites and bring 
food from elsewhere to feed the young. Some of the wasps of the genera 
Polistes and Vespula sometimes attach their paper nests to the underside ot 
overhanging cliffs or boulders sheltered from sun and rain and bring pollen, 
nectar or other food from neighboring communities. The muddauber, 
Sceliphron caementarius Drury, will often plaster its nest of one to four 
mud cells to the underside of an overhanging cliff and fill the cells with 


paralyzed spiders brought from elsewhere for the young to feed upon when 


they hatch from the egg that is to be laid in each cell. 

Certain andrenid bees, Anthophora peribrinae Cockerell, excavate cells in 
the face of the cliffs where the sandstone is particularly soft and rear their 
young in these cells, often in large colonies. 

Colonies of barn swallows, Hirundo erythrogaster Boddaert, plaster their 
mud nests under overhanging cliffs or in concavities and gather their insect 
food from the neighboring air spaces above other communities. 

The water ouzel, Cinclus mexicanus unicolor Bonap., attaches its elaborate 
nest to the base of a cliff under an overhanging rock and gathers its food 
from the neighboring streams. I have seen a nest of the black-chinned hum- 
mingbird, Archilochus alexandri (Boure. & Muls.), attached to the top of a 
small cave about ten feet back from the entrance. It undoubtedly gathers its 
food from the flowers of many other communities. 

The canyon wren, Catherpes mexicanus conspersus Ridg., often perches 
on boulders or cliffs, builds its nests in cracks or crevices and gathers its 
food largely from arthropods that come to the bare rocks. 

Certain of the mammals, especially the bats and carnivores, inhabit bare 
rock areas, particularly holes and caves, primarily for protection, home-mak- 
ing or sleeping. The bats often congregate during the daytime in dark crev- 
ices, cracks or caves, emerging at night to garner their food from the 
replenished air spaces that the swallows had combed in the daylight. The 
cracks and crevices in the cliffs suitable for daylight refuge are legion and 
the bats are consequently scattered in small groups and not concentrated in 
ereat hordes as they are in certain caves elsewhere that are isolated. The 
following species are known from specimens to occur in Zion Canyon: 

Myotis subulatus melanorhinus (Merriam) 
Corynorhinus rafinesqui palle Miller 
Tadarida mexicana (Saussure) 


The cougar, Felis concolor hippolestes Merriam, is an important inhab- 
itant of the cliffs. It finds shelter from the weather, protection from human 
beings and suitable places to rear its young among the boulders or under 
overhanging cliffs, but it must seek its food elsewhere. The usual practice 
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is to leave its lair about twice a week and go out hunting. Ordinarily, each 
adult will kill two major game animals per week, usually deer, or if domestic 
stock are available, it will take sheep, cattle, or horses, preferably colts. With 
the coming of multitudes of people into the canyon to visit the national park, 
and with the reduction of numbers due to hunting, the cougars have prac- 
tically abandoned hunting in the canyon and the deer therein have been nearly 
unmolested for several years. 

From the standpoint of biotic interrelationships, this community is a 
heterogeneous mass, but since it is so large and so important in its succes- 
sional effects, I have deemed it prudent to treat it as an independent unit. 
Bare rock is found in larger or smaller amounts throughout all of the other 
areas or communities, even in the aquatic ones where boulders often project 
above the surface of the water. The ultimate development of the bare rock 
depends upon its location, usually being incorporated into the formation in 
which it occurs, except upon the faces of the retreating cliffs which con- 


stantly maintain their bare surfaces. 


THE HANGING GARDENS 
Hypric Bare Rock COMMUNITIES 

Wet (hydric) bare rock communities are produced where water seeping 
from the face of the cliff, trickles down the rock. The presence of water, 
ameliorating the xeric conditions of bare rock, hastens the disintegration of 
the rock surface and its colonization by plants. The first stage, instead of 
lichens, consists of algae. The presence of algae aids the establishment of 
moss. The presence of both aids the establishment of ferns and seed-bear- 
ing plants. <All of these stages just mentioned may be seen in such com- 
munities along the Narrows Trail. 

In those wet areas where travertine limestone is being deposited, the algae 
and moss are often coated with the deposit, and are undoubtedly the agency 
causing the deposition, although in some cases, it may occur as a result of 
evaporation. The process is essentially as follows: 

Rain falling through the air, absorbing small amounts of carbon dioxide, 
and falling upon the limestone overlying the sandstone walls of the canyon, 
dissolves small amounts of calcium carbonate in the form of calcium bi-car 
bonate, Ca (HCO,,)., pure calcium carbonate being nearly insoluble in pure 
water. The solution passes downward into the porous sandstone, helping to 
swell the underground supply which feeds the seeps and springs that emerge 
from the face of the cliff. The seeping water trickling down over the algae 
and moss, restricting their supply of carbon dioxide from the air, furnishes a 
supplemental source which is readily available from the dissolved limestone. 
The plants extract the extra molecule of carbon dioxide contained in the 
soluble calcium bicarbonate thus leaving plain limestone (Calcium carbonate) 
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Fic. 11. Travertine formation among the 
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hanging gardens, built up by deposits 


of limestone around the hodies of algae and moss where they force the precipitation 
of the lime from the trickling water. ( Photo by U. S. Nat. Park Service.) 
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which is insoluble and is thrown down as a deposit. This deposit is usually 
built up around the plants, thus producing cases around them that sooner or 
later cause death. New generations build up on the surface of the old ones. 
In some places, deposits several feet thick have thus been accumulated on the 
face of the vertical cliffs. 

The deposit of travertine aids greatly the advancement of the sere, for 
ferns and seed plants can readily get a foothold where it occurs. I have 
watched seedlings of columbine establish themselves and grow to maturity 
under such conditions. With the establishment of ferns and seed-plants, the 
moss and algae are often restricted and in some cases crowded out. 

The plants found in such communities include several species each of 
algae, moss, ferns and seedbearing plants. Representative of more than 
twenty genera of algae are known to occur in Zion Canyon and many of 
them are found among the hanging gardens, of which, species of the genera 
Cocconema and Suriella are abundant. The larger plants of such commun- 
ities are listed below: 


FERNS 
Adiantum pedatum aleuticum Rupr.............0..0 2000s Maidenhair Fern 
AGrantum cabilius-veneris Luc... ccc cece ccc ccvascccesces Venushair Fern 
oS See Brittle Fern 
or gir a wis We ee AN WORE Seow AERO Bulblet Fern 


SEED-BEARING PLANTS 


Vagnera amplexicaulis (Nutt.) ..........cc cece eee eees False Solomon Seal 
Vagnera liliacea (Greene)..............000e000. ....False Solomon Seal 
Seraptas gigantea (Dougl.)..............4. ae cna sacater ORC Rok Sika as Orchid 
Aquilegia rubicunda Tidestrom..........0.0.00045. Red-spurred Columbine 
Mameged TRANCE ONE RGD oo occ ie ec c ce nees Yellow Columbine 
nt I UEION 66 i Wo daw Saewwsenead ned eeeenewoawed Alum Root 
Dodecatheon pauciforum (Durand)........................ Shooting Stat 
Primes Morchatus (.) Wougl. ..... 66sec ccc ccece cece’ Red Monkey Flower 
a rer errr ee ee er eee ... The Splendid Lobelia 


This type of community is more or less temporary. With the drying up 
of water, it passes into the dry bare rock type or with additional accumula 
tion of water, it passes into the small stream stage. 

The animal members of this community, in contrast with those of dry 
bare rock areas, are in most cases, more or less directly controlled or limited 
by the plants of the community. The algae growing in the trickling water, 
being dominant in the first stage of development, furnishes a direct source otf 
food for the Zion Snail, Petrophysa sionis (Pilsbry ), which is a predominant. 

The presence of the flowering plants furnishes food tor certain leat-eat 
ing and certain flower-visiting insects. Typical of the latter group are the 
insects which visit the columbines during their protuse early-summer bloom. 


These include the flying adults of several species, conspicuous among which 
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are species of Bremidae or bumblebees (Bremus occidentalis (Greene), BP. 
hunti, and B. Sonoriensis) and the sphinx moths Pholus athemon (Drury ) 
and Celerio lineata (Fabr.). Their breeding places are located elsewhere 
and their visits to this community are mostly in the nature of foraging 
expeditions. 

Certain spiders, notably of the genus Tetragnatha, spin their orb-webs in 
clear places above the water and lie in wait for their prey. Certain birds, 
particularly the canyon wren and song sparrow, sometimes visit the area in 
search of food. I have often watched them alight on the vertical cliff and 
search among the scanty vegetation. 

In all probability, certain mammals such as mice of the genus Peromyscus, 
also frequent such areas even though most of them are on vertical cliffs. The 
larger mammals would, of course, be excluded. 

SPRING BROOKS 
SMALL STREAMS AND POOLS 

Where the water from seeps and springs collects together below the cliffs, 
the resulting small streams flow down the slopes to the river, ameliorating 
the dry conditions of the talus. There are some twenty to twenty-five such 
small streams flowing into the river from the sides. They may or may not, 
depending upon their future progress, be regarded from the ecological stand- 
point as a step in the development of a river. Certain ones may become dry 
whereas others may eventually develop into larger streams or river. 

There is a good deal of evidence to indicate that as the canyon has moved 
forward, new springs have been encountered in the headward erosion and 
that those farther down have, in the majority of cases, dried up and dis- 
appeared. Travertine formations hanging on the face of the cliff where no 
water now flows serves to substantiate such a belief. 

On the other hand, certain of the springs which have persisted and have 
worn back their courses into side-canyons until they have developed drainage 
enough to make larger streams, appear to be in process of development to- 
ward a permanent river. There are many side-canyons that are in various 
stages of development. These may give the key to the development of 
streams and the stages of succession so much sought in aquatic ecology. 
Here, then, is a basis for the study of the seral development of a river. 

As the headward erosion of the main stream opens new channel through 
the rock strata, it cuts into underground reservoirs of water held in the 
porous sandstone. The water drains out of the cliffs at appropriate places 
and trickles down the walls often making thin sheets of water which pro- 
duce the hanging gardens. These are usually near the foot of the cliff. 
Gradually these waters concentrate and develop into small channels. The 
small channels are the antecedents of small streams. These are usually lined 


with algae and the consequent train of biota. 
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The cliffs are usually undermined where this water emerges. Other 
things being equal, the larger the trickle, the faster this undermining occurs. 
This is redundant: as the undermining of the cliff proceeds, more of the 
water from the underground reservoirs is drained into the enlarging channel. 
The water thus concentrated is withdrawn from seeps formerly draiming out 
elsewhere. With increase in the size of the stream, a wider channel 1s 
formed, which, in the early stages of development, may support growths of 
algae or some aquatic ferns or seed-bearing plants, especially along the 
margins, 

With the headward retreat of such side-streams, the surface drainage 
into it from storms is increased and it becomes subjected to larger and larger 
periodic floods following heavy precipitation. Such floods act as scouring 
agents and produce bare areas along the floor of the streams by removing 
the algae and attached bottom plants. 

Continued extension and development of the drainage system brings into 
the tributary continually increasing amounts of water both as surface drain- 
age (floods) and subsurface drainage (springs). These tributaries then 
compete with one another in the headward development of their drainage 
systems. Some work faster than others due largely to strategic position, 
quantity of drainage water, and type of material to be eroded. “The domi- 
nant streams continue working headward into the mountains, eventually de- 
veloping a branch or fork of the main river. 

The smaller tributaries eventually dry up or become obliterated in the 
process of erosion by which the canyon moves headward and gives way to 
the desert plain in its wake. This 1s accompanied by a recession of the under- 
ground reservoirs, due to their drainage farther upstream where the deep 
ening canyon provides new outlets. Thus, of necessity, the stream bed is 
lengthened headward to take care of the increased drainage upstream. 

This is a slow geological process, beginning with bare rock and develop- 
ing a river with its attendant biota. Manifestly the river will continue to 
flow as long as the present climate lasts, barring geological changes that 
might affect its flow. The indications are that the biota will develop a climax 
formation, even though, because of the nature of the medium and the mobil 
itv of the dominants, it may not be so evident. This agrees with the hypoth- 
esis of Shelford and Eddy (1929, p. 382). 

Under existing conditions, the small spring brooks are periodically sub- 
jected to occasional drastic floods following heavy precipitation. ‘These 
usually occur in early spring or late summer and usually carry sand and silt. 
These muddy outbursts affect the water biota adversely by scouring with 
sand, smothering with mud, or sweeping them downstream with the added 
force of the current. In many of the cases, the major part of the flood 


water comes from hanging canyons which pour their periodic floods over 
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high cliffs making waterfalls. The falling water gouges out holes at the 
hase of the cliff, which, between floods, are kept filled with clear water from 
the seeps and springs. Smaller pools are also developed here and there by 
other means, so that the small streams usually consist of alternating runs 
and pools. 

The floods often scour the streams and especially the pools, making them 
visibly clean. During intervals between floods, they are usually re-stocked 
with algae. Sometimes other plants, and animals. The stages of succession 
in such development may be illustrated by a typical example. 

In August, 1926, | watched a flood waterfall scour out the pool in the 
“Stadium,” leaving a clean sandy floor. By September, the pool was begin- 
ning to show signs of the green algae that had begun to grow in the clear 
mineral-laden water, which maintains an almost constant temperature ot 


o}e 


72° It has not since been scoured clean (1931). In the summer of 1927, 
two visible types of algae were present: one loose floating either, Zygnema 
or Spirogyra, the other attached to the bottom, Chara. During 1928, a cat- 
tail (Typha) made its appearance—just a few scattered blades. The next 
year, 1929, watercress (Sisvmbrium) gained a foothold. 

Likewise, animal life followed. The presence of algae furnished food for 
the development of tadpoles of the western tree frog, Hy\la arenicolor Cope. 
large numbers have developed each vear since. A small waterbug, Ambrysus 
mormon Montd., is also of common occurrence among the algae, although 
probably feeding on other things. On the surface the water strider, Gerris 
rufoscutellatis Latr., and the whirligig beetle, Gyrimus plictfer Lec., are often 
found. These are all common forms that have migrated into the bare area 
from adjacent neighborhoods. 

This observed series, however, includes but a fractional part of the biota 
occurring in the small streams and pools. The following lists of algae ap- 
plies to the waters of Zion Canyon, some in the trickling water, some in these 
small streams and some in the river. (Compiled from lists furnished by 
J. W. Harrison, Dixie College, V. M. Tanner, B. Y. University, and LL. A. 
Woodbury, University of Utah. ) 


Blue-Green Algae (Cyanophyceae ) 


Verismopedia sp. Oscillatorta sp. 
Anabena sp. Phormidium sp. 
Rizvularia sp. Lyngbia sp. 


Scytonema 2 sp. 


Green Algae (Chlorophyceae) 


Spirogyra sp. Tribonema bombycina agardh. 
Zygnema sp. Cladophora glomerata (L.) 
Vaucharia sessilis (Vauch.) Chaetophora sp. 

Vaucharia gemmata (Vauch.) Scenedesmus sp. 

Ulothrix aequalis (WKiitzing) Oedogonium sp. 


Ulothrix sonata (Web. and Mohr.) Chara sp. 
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Diatoms (Bacillariaceae ) 


Epithemia sp. Vazvicula sp. 
Diatoma sp. Stauroneis sp. 
Cocconema sp. Cymbella sp. 
Surtella sp. Gomphonema sp. 


Synedra sp. 


In addition to the algae, the following plants occur in certain places, 
growing in the water : 


SE I 0 oy Oh an aca ene Sewied Wide-leaved cattail. 
Oe Bo oy ule oti w A Awe a OOS ONS Rhee wRS Narrow-leaved cattail. 
OR ae eae tie a eae ia baa cece twhak ye teeee ae eeeee Royal Rush. 
Sisymbrinm wnasturiinm-aquaticum Lin... cic cece cca csesecseacssess Watercress. 
en IY rs oe Seg i LA ee as ah aebeas Water Parsnip. 
Se I BEd CE Piies siatca ce adbns das codes neta oeseawewen Brook-weed. 
ge Beg re American Brooklime. 


Other characteristic plants growing along the stream margins may be 
listed: 


on a, ae rr era Epilobium. 
Pr Re Soo oe ie awe eee Sees reuswae Yellow Monkey Flower. 
A I TU ios Sie Wa ee ceediwdeunwes The Splendid Lobelia. 


The following list of small animals (compiled by L. A. Woodbury, Univ. 
of Utah) are common inhabitants of the streams: 


Protozoa 
An unidentified stalked protozoon (lVorticellidae) in small pool in Birch 
creek. 
An unidentified motile ciliate on rock in river. 
Rotifera 
An unidentified form, found in pool in Court of Patriarchs and also in pool 
in Birch creek. 
Crustacea 
Cyclops sp. found in pool in Birch creek. 
Arachnida 
Water Mites (Hydrachninae) pool in Court of Patriarchs. 
Insecta 
Diptera 
Simulium sp. larvae in Birch creek. 
Trichoptera 
Hydropsyche sp. larvae in Birch creek. 
Ephemeridae 
Larvae in Birch creek. 
Odonata 
Larvae in Birch creek. 


The tadpoles of the tree frog, Hyla arenicolor Cope, occur almost uni- 
formly in the small streams wherever the algae are present for food. Less 
common are the tadpoles of Bufo compactilis Wiegmann, and rare are those 
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of Ambystoma tigrinum (Greene). Among the Chara, a caddis fly, /elico- 
psyche sp. with a case resembling a snail shell is common. Ina few stream 
channels not scoured too much by flood action, watercress, brookweed, brook- 
lime, or cattails may choke the stream in places, affording lodging places for 
aquatic insects and crustaceans. The crustacean, Gammarus limnaeus Suuth, 
is abundant among watercress particularly where Ulothriy sonata (Web. and 
Mohr.) is present, probably feeding upon both living and dead organic mate- 
rial. Mosquito larvae also occur in such places where the stream 1s sluggish. 
The larvae of dragon and damsel flies are usually found in company with the 
mosquitoes, which undoubtedly provide a large percentage of their food. The 
ferocious predator, Corydalis cognata Hagen, is found in more open parts of 
the streams. A list of Odonata of the streams and ponds is given in the dis- 
cussion of the ponds and swamps and while all of the species listed occur 
more or less in both places, there appears to be a preponderance of certain 
forms in the streams. The two most conspicuous along the stream are the 
red-spot damsel fly, //efaerina americana Fabr. and the large yellow-ringed 
dragon fly, Cordulegaster diadema Selys. These inveterate predators comb 
the aerial stratum above the streams. 

Some of the common predaceous insects of the pools are listed below. 
These not only feed upon aquatic forms, but some of them make use of the 
terrestrial forms that fall into the stream. 

Gerris rufoscutellatis Latr Water strider. 
Ambrysus mormon Montd Water bug. 
Deronectes striatellus (Lec.) Dytiscid beetle. 
Gyrinus plicifer Lec Gyrinid_ beetle 
Tropisternus ellipticus (Lec.) Hydrophilid beetle 


Two Lycosid spiders, Pardosa lapidicina Emerton and P. sternalis (Thor- 
ell), are often abundant on the water or on the nearby shore. Spiders of the 
genus Tetragnatha, as in the two preceding communities, spin webs across 
small streams or pools and thus occupy a low aerial position. 

In most of the streams, the minnow, Opocope oscula (Girard), abounds, 
especially in the pools and open spaces among the vegetation. In the larger 
tributaries, the suckers Catostomus insignis B. & G. (record by Tanner) and 
Notolepidomyson utahensis Tanner are common forms. Often, the young 
of the suckers may be found in company with the minnow in the small pools. 
None of these fish are found in the side streams above the waterfalls. Ac- 
cording to studies made by Tanner (letter, Feb. 5, 1931), the minnow is 
largely insectivorous, feeding largely upon dragon fly naiads, aquatic bugs 


and aquatic beetles or their larvae. One stomach showed the presence of 


plant leaves, so that it is probable that it takes a small amount of vegetation. 


The sucker, on the contrary, is almost exclusively a feeder upon algae anc 
I] ker, tl trary, Imost lusively a feeder upon algae and 


sludge from the bottom of the pools or streams, the detritus and sand yielding 
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about 93° of the stomach contents, the other 7‘« consisting of species be- 
longing to such genera as: Diatoma, Navicula, Cymbella, Gomphonema, 
Merismopedia, Zygnema, Ulothrix, and Cladophora, and a few beetle larvae. 
The wandering garter snake and the water ouzel both find an abundant 
supply of food in such streams. 
Thamnophis ordinoides vagrans (B. & G.)............. Wandering Garter Snake 
Cipetee mexecanus unicolor Bomap. .. 0.6... 66666 cses cascececcseces Water Ouzel 


The food of the snake consists principally of fish and tadpoles, but the bird 
feeds largely upon aquatic insects and other arthropods although it may take 


some of the fish and tadpoles, 


PONDS AND SWAMPS 


The river continually shifting the actual course of the water, due pri- 
marily to the periodic floods, leaves rock-strewn or sand-covered flood plains 
of irregular contour. Seeps and springs arising in the depressions of these 
flood plains, especially where the depressions are deep enough to reach the 
surface of the subterranean water, make sluggish streams or ponds that in 
some cases develop swampy conditions. They are, of course, more or less 
temporary in nature; they may either be re-occupied by the stream when 
some flood changes its course or eventually be filled up with silt or talus and 
thus constitute a stage in a terrestrial sere. 

These sluggish streams and ponds give rise to a distinct biota, chracterized 
by cattails, rushes and sedges among the plants and mosquitoes, odonata, 
amphibians, garter snakes and blackbirds among the animals. In the deeper 
ponds, the following plants constitute the greater part of the vegetation: 


I hl n Os Saat aU uh hie 6 wie pew lk ska RO Common Cattail 
Fe Ie Tiss baiiicic icciesatecsscdcccusecscss sux J DUM Cale 
I hat ne Bie rhe k Giidéinddieb ha ae asa adie ables Great Bulrush 
a ee ee ee ee er Prairie Bulrush 


Skirting the edges of the ponds where the water is shallower, and in the 


small sluggish streams, the following plants may be listed: 


Scirpus microcarpus Presl..............0.0e ee eee eee eee mall-fruited Bulrush 
I oo ck Sha dene keno ee sdsents wae bdS RWS bekn dee Oe 
Carex festivella Mackenz (or affinity) .............ccccccccccccccecccces  DCUgZe 
TET TORE CETTE TET OTEET CET CE CCT TTT Baltic Rush 
i ooo Casa Sheehy Kd ébaow meeaed Mexican Rush 
IS I Give by ak sauna ieee Rawk caeameawe Rush 
AOPOMEE COPIES CiTOM EUrOQe) «coo ccc ces cevcvsceescienectsceess Grass 
Fe IE NUN cosy Savsiese cine scaccseswissaaens Desert Crowfoot 


Areas where seepage is not sufficient to form a stream, but evaporates 
from the surface leaving heavy concentrations of soluble salts, are often 


occupied by the salt grass, Distichlis spicata (LL). 
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Sordering the ponds on the land, but still within reach of the soil water, 
willows and cottonwoods often abound. Back farther on drier ground, 
almost any of the components of the deciduous forest may be found. 

The slow sluggish streams and ponds with much decaying organic mate- 
rial afford favorable opportunity for many of the lower forms of life, such 
as algae, bacteria and protozoans to grow. In places, masses of algal growth 
are conspicuous. 

These sluggish streams are mostly unsuitable to the life of fish, but occa- 
sionally the minnow and the young of the sucker enter them from the river. 
However, they furnish suitable habitat conditions for such forms as mos- 
quito and dragon fly larvae and the tadpoles of the amphibians, the leopard 
frog, Rana pipiens Shreber, and Sonoran toad, Bufo compactilis Weigmann. 

In one of the ponds, the worm-like flat snail, Gyraulus vermicularis 
(Gould), occurs among the algae. In the mud at the bottom, tabanid fly 
larvae find a suitable habitat. On the surface of the water, the water strider, 
Gerris rufoscutellatis Latr., occurs in colonies and the lycosid spiders, Pardosa 
sternalis Xmerton and P. lapidicina (Thorell), are often very numerous, The 
wandering garter snake, 7. 0. vagrans (B. & G.), hunts for food among the 
swamps, particularly for amphibians, either tadpoles or adults. 

Above the water, the dragon and damsel flies use the cattails and rushes 
as perching places and seek their food on the wing through the air above the 
ponds and streams. The following species (list by V. M. Tanner) occur: 

Hetaerina americana Fabr Ruby-spet Damsel Fly 
Archilestes grandis Rambur Grand Clear Wing Damsel Fly 
Sympetrium corruptum Hagen Corrupt Toper Dragon Fly 
Libellula nodisticta Hagen Blue-spot Dragon Fly 
Libellula saturata Uhler The Big Red Skimmer 
Cordulegaster diadema Selys.............cccececeees Yellow-ringed Dragon Fly 


Erythemis sp. (either collocata or simplicicollis Say) 


A colony of red-winged blackbirds, Agelaius phoeniceus subsp.? nested 
among the cattails in the swamp near the Lodge. In 1930, there were seven 
pairs. They not only seek food among the swamp plants but also in neigh- 
boring communities. I have often observed them perch in the trees over- 
hanging the swamps and dart from their perches after insects visiting flowers 


on the neighboring banks. 
THE VIRGIN RIVER 
Aguatic DESERT 
The Virgin River may be considered an aquatic desert because of its 
paucity of life forms. It appears that no plants of any kind, except thal- 
lophytes grow in the stream. The work of tremendous periodic floods seems 


to keep it scoured clean. The algae and diatoms have difficulty in maintain- 
ing themselves in the water because of this scouring action. They do, 
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Fic. 12. A peaceful stage of river development. Scene on the river near the old 
Wylie camp. River banks lined with protecting vegetation. (Photo by U. S. Nat 
Park Service. ) 
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however, develop in pools and eddies during the interim between floods. 
Historical evidence obtained from early settlers, seems to indicate that the 
disturbance of the soil cover by the grazing of domestic stock since the white 
man settled the region (1863) has produced an increased scouring action of 
the floods. 

The animals of the stream consist principally of fish and aquatic insects, 


particularly larvae which furnish considerable food for the fish. The fish 


are represented in the area under consideration by the suckers, Catostomus 
insignis B. & G. and Notolepidomyszon utahensis Tanner, and the minnow, 
<lpocope oscula (Girard), which are very common forms. It is probable that 
Gila seminuda Cope & Yarrow may also occur here as it has been taken at 
Virgin just above the Hurricane Fault by Tanner (personal communication, 
1931). Trout occur in the headwaters of the stream on the slopes of Cedar 
Mountain, and sometimes descend the stream as far as Zion Canyon, espe- 
cially during early summer when the water is clear, but they usually disappear 
when the late summer floods begin. The suckers and the minnow represent 
the dominant forms in this section of the stream. They meet the full impact 
of the environment, the critical features of which are the muddy floods which 
they survive while trout and tadpoles of the smaller streams usually disappear 
asa result of them. The suckers occupy niches in which they feed upon the 
algae and sludge of the pools, whereas the minnow depends largely upon 
insect life. 

On the surface of the water, the water strider, Gerris rufoscutellatis Latr., 
is commonly numerous on the eddies and pools near the shore. 

On the shore in the area kept wet by the irregular rise and fall of the 
stream, the beetle, Omophron obliteratum utense Casey, plows its way, mak- 
ing small tunnels in the wet sand in its search for food. 

In moist sand, just beyond the reach of the ordinary stages of the river, 
the larvae of three tiger beetles have their burrows; Cicindela tranqueberica 
Hbst., C. viber owena Fall, and C. oregona Lec. During the summer, these 
emerge as adults and inhabit the sandy areas along the shore but may utilize 
the surface and aerial strata as well as the burrows. 

Along the flood plains and the margins of the stream, two lycosid spiders, 
Pardosa sternalis Emerton and P. lapidicina (Thorell), are numerous in sea- 
son as in the two preceding communities. The adults of the Sonoran toad, 
Bufo compactilis Wiegmann, are also common along the flood plains, espe- 
cially the moister situations. The wandering garter snake, T. 0. vagrans 
(B. & G.) is a freely mobile form that frequents the pools of the river as 
well as the smaller streams in its quest for fish and amphibians for food. 

Two birds are of common occurrence. The water ouzel, C. m. unicolor 
Bonap., gets most of its food of fish and insects from the stream. The 


spotted sandpiper, Acititis macularia (L.), searches the shore line, seldom 
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Fic. 13. The river at work; undercutting its bank, destroying the deciduous forest 
cover, and leaving bare areas of flood plain on the opposite side of the stream. Scene 
near the Lodge in 1929. Remains of an old peach orchard on the bank in the fore- 
ground. (Photo by U. S. Nat. Park Service.) 





Fic. 14. A profuse growth of Arizona wild grapevine growing over trees and 
holding them in subjection. Near the narrows. (Photo by U. S. Nat. Park Service.) 
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going above high water mark and sometimes alights on boulders projecting 


above the water of the stream. 


DECIDUOUS FOREST 
River FLoop PLAINS AND VALLEY FLooR 

The river is only the visible overflow of an underground stream of water 
which saturates the soils and gravels of the valley floor down to bedrock and 
furnishes an abundant supply of soil water to the roots of the plants growing 
along the banks of the stream or along the floor of the canyon. Streams 
flowing from side-canyons also represent the overflow from similar under- 
ground streams. 

Undoubtedly, the soil greatly retards the flow of this subterranean water. 
The effect is more nearly that of an underground reservoir with very slow 
movement thus producing a consequent uneven surface. Often this surface 
is higher on the sides of the canyon floor than it is at the river due to influx 
of water from the talus slopes. 

The presence of the river water is an ameliorating influence in the lives 
of plants and animals, not only by furnishing moisture directly to the air by 
evaporation thus producing better humidity conditions than the normal climate 
provides, but also by furnishing an abundant supply of soil water for plants 
and by providing moist soil for subterranean animals. This subterranean 
source of water is directly available to those plants whose roots penetrate to 
its depth and is indirectly available to shallower rooted plants through capil- 
lary movement of the water up through the soil. This makes possible the 
normal functioning of plants having a rapid stream of transpiration. 

It is not surprising then that the typical plants along the stream margins, 
valley floor and other places where this abundant supply of moisture is 
available are broad-leaved deciduous trees whose leaves, being flat and thin, 
have large areas of surface exposed to evaporation. There appears to be a 
correlation between the required amount of soil moisture and the area of the 
leaf surface. 

It seems feasible to divide this forest group into two series upon the 
basis of soil moisture requirements ; those whose roots normally penetrate the 
underground reservoir, and those which can survive in ordinarily moist soil. 
The former are usually found fringing the stream or on the flood plains, the 
latter on those higher and drier flats where silt has been accumulated to con- 
siderable depth above the water. These plants do not seem to be limited by 
soil texture. That the presence of water is the primary controlling factor is 
evidenced by the fact that these broad-leaved trees are growing on certain 


steep rocky talus slopes where springs furnish the necessary soil moisture 


and also by the occurrence of many of them along the water courses for hun- 
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dreds of miles out into the desert, where a plentiful supply of soil water is 
available to their roots. 


The plants requiring soil water at their roots include the following : 


eo Fremont Cottonwood 
Salix caudata (Nutt).............................Narrow-leaved Black Willow 
SH WHE CEIGTG CIBEIID 55s cs ace ois le On ew wks MOR Wide-leaved Black Willow 
II a eer ye GR a ag i te a I Water Willow 
II ca Nth a Jo ntare S ati ouend gi en Ae ee Willow 
SI rE dione ip al oS h.a.0 wha ew oe eee eee Boxelder 
Fraswmus velutina coriacea Jepson... ... 2.2.5.0 c eae ccnaeaese Leather-Leaf Ash 
ne rE cg ore WE we GOES Dia ws da pte ROE \rizona Grapevine 
ee I sk as Gh SUN es 4s Ma ha ROR REO Water-birch 


The cottonwoods and willows are primarily flood plain forms. They act 
as pseudopioneers on the bare areas left by floods, where the roots of the 
seedlings can quickly penetrate the soil water. The willows grow faster at 
first and produce dense masses of vegetation which are eventually suppressed 
by the cottonwoods when they grow tall enough to overtop them. This veg- 
etative cover shifts with the movement of the river, being destroyed where 
the current strikes it, and growing afresh on the newly abandoned flood 
plains. 

The second group, seemingly limited by soil moisture and evidently not 
dependent upon their roots reaching the underground reservoir, include the 


following : 


I OU, cei ee eee Sl oe Len ala pe ewe Gambel Oak 
ee I deus cue bud aaa ase w eee es Western Hackberry 
Robinta neomexicana A. Gay. 0.6 o.cc ce bic cicccsscewsees New Mexican Locust 
Se ae Three-leaved Squawbush 
ACER VOUT THAIRiia ook 5 0 5 ak Sia Rk eR Sem ss Big-toothed Maple 
i ee a 


This deciduous forest is located principally along the floor of the canyon, 
which is the primary physiographic highway for the movement of man and 
animals in the canyon. It produces great quantities of vegetation distributed 
through many strata and provides a maximum number of individual habitats 
or niches for animals to occupy. It is not surprising then that it is the most 
important community of the canyon. In many places, there is a comparatively 
broad area of intergradation between this community and the deciduous chap 
arral and there are a goodly number of wide-ranging species that are com- 
mon to both communities. 

This is the community that has been most affected by mankind and his 
domestic animals. It was here that the early-day settlers (1863-80) cleared 
areas for farming and built ditches for irrigation ; and it was here that domes 
tic livestock did most damage in pruning plants, killing the vegetative soil 
cover, making trails and dust beds by trampling, and competing with the 
native animals. 
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It is in this community that most of the recent improvements for the use 
of visitors to the national park have been made. The road and trail up the 
floor of the canyon, the hotel and cabins, the public camp ground, the swim- 
mung pool, and the museum building all occupy areas taken from it. Many 
of the bare areas formerly created by human agency have been allowed to 
develop a cover, and all stages of successional development from secondary 
bare areas to climax may be found. 

\EGETARIANS 

The vegetarian animals of this community are included principally within 
the groups mollusks, millipedes, insects, birds, rodents and ungulates. The 
mollusks and millipedes are found almost exclusively among the ground litter 
consisting of organic remains, mostly leaves, stems and trunks of plants. The 
presence Of moisture is a critical factor limiting the activity of these animals. 
The ground litter aids greatly in maintaining a moist habitat. The snails 
usually come out to feed during storms or humid weather and the millipedes 
descend into the soil to avoid drouth. The following species are found: 


\IOLLUSCA 


Vallonia gracilicosta Reinh.............0..e000000. Gracefully-ribbed Midget 


Plain-margined Snail 


Pupotdes margmaing (SAV). 2... 06.6 c ccc ce ceceencas 
Pupilla syngenes syngenes (Pilsbry)........... Left-handed Columnar Snail 
Pupilla s. dexrtroversa (Pils. & Van.)........... Reversed Columnar Snail 


Agriolimax campestris (Binney) .............0 2.0002 cee ees The Native Slug 


MILLIPEDES 


oS ey ee ee ert Small Mullipede 


Large Miullipede 


Many of the insects are obligate vegetarians, being limited to definite 
hosts. In such cases, the obligates are definitely limited by the distribution 
of the hosts. These are mostly leaf-eating or wood-boring forms although a 
few inhabit flowers. Some of these obligates pass their entire life cycles on 
the plants. The larvae feed on the leaves, the pupae transform on them, and 
the adults are found in copulation on them—one niche for the whole cycle. 

In other cases, different niches are occupied in different stages of the life 
history, as in the case of the grapeleaf miner moth, probably dutispila 
voraginella Braun ( Microlepidoptera, family //elioselidae ), which feeds upon 
the Arizona wild grape, | itis arizonica Engelm. The larvae dig out mines 
between the epidermal coverings of the leaf, eating the green cellular mate- 
rial thus gradually enlarging the mine, and leave a characteristic brown spot 
nearly filled with the waste products. There may be several in one leaf. 
When grown, a larva cuts out an oval shaped piece about one-eighth inch 
long from each surface of the leaf, fastens them together around itself with 
silk threads, thus fashioning it into a bivalve case with an opening at the 
head end, through which the fore part of the body may be extruded when 
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the legs are needed to be used in crawling. It then descends to the ground 
by means of a silken thread which it spins as needed and pupates in the soil. 
Upon transformation of the pupae into adults, they emerge from the soil and 
follow an aerial existence, 

In some of the woodboring forms, the parasites or the predators usually 
follow the host insect into its burrows. This is illustrated by the case of the 
pigeon horn-tail, Tremex columba (1.), which in the aerial adult stage ovi- 
posits in the wood of various species, including the grapevine, | Ifls artzon- 
ica Engelm., and the cottonwood, Populus fremontii S. Wats., as | have 
observed. The larvae tunnel through the wood using the borings as food, 
The adult of the ichneumon, J/egarhyssa lunator (Fabr.), lays its eggs in 
these burrows by means of its long woodboring ovipositor. The larvae live 
in the burrows feeding on the horn-tail larvae. Both forms pass through 
the pupal stage and transform to the adult before emerging from the tunnels. 

In cases where different niches are occupied during different stages of the 
life cycle, the host plant becomes only one out of several factors which may 
be critical in determining the persistence of the species. The multiplication 
of niches, while affording great advantages in the way of meeting seasonal 
incompatibilities and tiding over adversities, certainly multiplies the number 
of critical factors to be met or avoided. In each such niche, these factors 
include the climatic, biotic, and (if in soil) edaphic or (if in water) aquatic 
conditions. 

Among the less obligate vegetarians, food from various sources and of 
many types may be used. This is illustrated by the wasps, Chlorion penn 
syivanicum (1...) and C, ichneumonicum (L.), both of which in the adult 
stage visit several kinds of flowers, notably 7Thelypodium integrifoliune 
(Nutt.), in search of pollen and nectar, but collect and paralyze by stinging 
the angular-winged katydid, A/icrocentrum rhombifolium (Saussure), upon 
which its eggs are laid and upon which the larvae teed after the eggs hatch. 

Many of the butterflies and moths feed upon leafy vegetation as larvae, 
pupate in the soil, and sip nectar from the flowers as adults. The sphinx 
moth, Celerio lineata (Fabr.), is a good example of the wide-ranging type, 
whose larvae feed upon leaves of many kinds of plants and who in the adult 
stage visits many kinds of flowers. 

Insect social groups are also represented, especially among the ants, 
wasps and bees, but also among the termites. The wasps are represented by 
a single species of Mischoevttarus and several species of Polistes, all of which 
make paper nests devoid of any covering envelope and suspended by a pedicel 
from above; also by one species of Vespula, locally called yellow jackets, 
which make large paper nests similarly suspended but surrounded by pro- 
tective covering envelopes, sometimes several in number one outside the othe: 


and sometimes with several stories of comb. The larvae of these wasps are 
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cared for by a system of progressive feeding instead of mass provisioning, 
thus providing a direct contact between the adults and the succeeding gen- 
eration, so often missing in the non-social forms. The food consists prin- 
cipally of nectar, pollen or insects. A new colony is started each spring by 
the overwintering females. 

The social bees are represented by several species of bumble bees of the 
genus Bremus, which feed almost exclusively on pollen and nectar gathered 
fromi a great variety of flowers. These, like the wasps, also develop new 
colonies each year from the overwintering fertilized females (queens), feed 
their young by a method of progressive provisioning, and have contact be- 
tween adult and offspring, but they have a greater and more varied develop- 
ment of morphological form to correspond to their more specialized division 
of labor. 

Among the carnivorous or predaceous insects, there are many variations 
in habit and structure for capturing prey. Some lie in wait in flowers, as in 
the case of the bugs of the family Phymatidae ; some burrow in the soil and 
feed upon an underground fauna as among the larvae of the robber flies and 
the bee flies; some seek their prey by flight as in the sphex wasps; some run 
over the surface of the ground searching among the ground litter as among 
the ground beetles, Carabidae ; while parasitic insects usually pass the larval 
stage within the host as in the tachina flies, Tachinidae. 

The vegetarian birds are few in number. Occasionally the western mourn- 
ing dove is found among the cottonwoods but it is much more numerous 
farther down the river. The black-chinned hummingbird, Arehilochus alexv- 
andri (B. & M.), and the broad-tailed hummingbird, Selasphorus platycercus 
platycercus (Swains.), both take nectar and insects from many kinds of flow- 
ers. A few seed and berry eaters also occur but most of them take a consid- 
erable proportion of insects in their diets, especially in the spring. The 


following are some of the common vegetarians of this type: 


Hedymeles melanocephala papago Oberh............... Rocky Mountain Grosbeak 
Spinus psaltria hesperophilus (Oberh.)..............006. Green-backed Goldfinch 
Spisella passerina arizonae Coues..........0..eee enone Western Chipping Sparrow 
Melospiza melodia fallax (Baird) ...............02ceceeeee Desert Song Sparrow 


The rodents are primarily vegetarian, although it is likely that some of 
them consume some animal products. The gray rock squirrel, Otosperm- 
ophilus grammurus grammurus (Say), has been suspected of robbing bird 
nests and some of the mice no doubt use insects in the diet. 

It should be remembered that this is'a very open type of forest and that 
there are many clear spaces between the clumps of trees. This coupled with 
the fact that it occupies a physiographic highway, brings together some or- 
dinarily widely separated forms. The Englehardt marmot, Marmota flavi- 
ventris englehardti Allen, and the western porcupine, Erithezon epixanthum 
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epiranthum Brandt, are normally higher altitude forms, yet here they have 
descended to an altitude of 4300 feet. About 1925, a colony of marmots was 
established near the road just above the lodge and increased considerably dur- 
ing the next few years. With the construction of loose-rock basket levees 
along the banks of the river by the National Park Service, the marmots seem 
to have found suitable dens and breeding places where they bid fair to persist. 

The gray rock squirrel normally inhabits a more open type of habitat, yet 
here it is one of the most successful and most conspicuous of the mammals, 
making itself at home among the open forest and even among the dense 
chaparral on the talus slopes. Its burrows may be found among rocks on the 
sidehills, on the edge of exposed banks of soil, or even among the roots of 
chaparral or trees on the sidehill slopes. The burrows form an anastomosing 
network (Zion-bryce Nature Notes, Aug. 1930) with the nest located at 
some convenient intersection and usually lined with leaves and paper if the 
latter is available. The food includes roots, berries (squawbush and sarvis 
berries included), acorns, and pine nuts. They often make separate caches 
of food outside the burrows. 

The Hopi (7) chipmunk, Kuttamias quadrivittatus hopiensis Merriam (7), 
is of common occurrence sometimes although its numbers fluctuate a great 
deal from year to year. [ saw one eaten by a gopher snake. being smaller 
than the rock squirrel, they probably fall much easier prey to snakes. 

The pocket gopher, Thomomtys perpallidus aureus (Allen), finds admirable 
situations among the open type of forest with many types of roots to feed 
upon. [Even on the shady talus slopes where not too rocky, it abounds. | 
have observed it pull green stalks four or five feet long of the white sweet 
clover, JJelilotus alba Desr., into its burrow for food. 

The chief ungulate is the Rocky Mountain mule deer, Odocoileus hem- 
ionus macrotis (True), which finds much of its food of weeds and browse 
among the open areas and finds shade and shelter among the clumps of trees, 
It also occupies the chaparral slopes as they also furnish suitable food, shel- 
ter and breeding places. 

INSECTIVOROUS ANIMALS 


Among the insectivorous forms are some dozen or two species of spiders 
distributed among as many different niches where insects may be caught. 
Following are some of the common examples: 


2. | a ee. er ee Tarantula 
Physocyclus tanneri Chamberlin 

Aranea gemma McCook 

Linyphia litigiosa Keyserling 

Linyphia tauphora Chamberlin 

Xysticus versicolor (Keyserling) ..........cccccesccccscvccccecs In bark of trees 
eS oka naka cep aawbe UC awhK Oe Rae baked Keb In flowers 
Tibellus—three species 
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Agalena naevia Walckenaer 
Agalena curta McCook 

Oltos fasciculatus Simon 

Lycosa gosiuta Chamberlin 
Phrurolithus woodburyi Chamberlin 


Those of the genera Misumena and Tibellus lie in wait for insects in flow- 
ers of many different kinds, particularly those of the mustard and caper 
families. Xysticus forms are usually found around the cracks or crevices of 
bark. Lycosa and Olios chase their prey. The tarantula goes hunting at 
night or in the cool of the morning or evening, hiding in holes in the ground 
when hot. .ranea and Linyphia spin webs among the trees or brush, the 
former making large regular orbs and the latter small, irregular webs. 

Two insectivorous lizards are of very common occurrence along the floor 
of the canyon and a third one is sometimes found. The Stejneger blue-belly, 
Sceloporus clongatus Stejneger, is the common form usually occupying the 
rocks and tree trunks or sides of buildings. It usually stalks its insect prey 
by creeping carefully and slowly in a straight line until within range when a 
lightningstroke with the jaws finishes the capture. 

The striped race-runner, Cnemidophorus gularis Baird & Girard, is the 
common form occupying the flat open spaces, collecting its food by hunting, 
chasing, or even by slight digging into the ground litter. I have never known 
one to invade the realm of the blue-belly by climbing tree trunks or boulders, 
but the reverse is often true when the blue-belly is on the ground between 
the rocks or tree trunks of its characteristic position. 

The desert scaly lizard, Sceloporus magister Hallowell, is a partly aboreal 
form usually occupying the brushy or wooded portions of more open desert, 
but here at the edge of its range, it appears to invade heavier forest than 
normal. It feeds largely upon insects which it catches on the tree trunks or 
on the ground nearby. It has the curious habit, when disturbed, of keeping 
on the opposite side of the tree trunk from the observer. 

The birds show the largest group of insectivorous forms. Many of them 


merely pass through during migration whereas others remain for the breed- 


ing period or for the summer. A few of the more common forms of the 

latter group may be listed: 
ee rer Red-shafted Flicker 
Sayornis sayus sayus (Bonaparte) ............0c.ccccsssvcesceceeseemay Phoebe 
Cyanocitta stelleri dtademata (Bonap.).............. cece ee eee Long-crested Jay 
Turdus migratorius propinquus Ridg.......... ccc cece ence eens Western Robin 
Vireo gitlvus swainsontt Baird. ...........ccccecscececes Western Warbling Vireo 
Dendroica aestiva morcomt Coale..........0e cece eee eee Western Yellow Warbler 


Geothlypis trichas occidentalis Brews. ..........0000000005 Western Yellow-throat 


Icteria virens longicamda LAWTENCGE . 6... 666 cs ce ccccceccsecssssese Long-tailed Chat 


Molothrus ater artemisiae Grinnell... .............cccccccccccccs Nevada Cowbird 
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There are usually several pairs of Say phoebes in the canyon each sum- 
mer. | have observed two nests and broods in one season and several over a 
period of vears. During the seasons of 1927 and 1928, a pair (presumably 
the same both years) nested over a door leading into the Lodge where people 
were continually passing in and out. One of the bell-bovs at the Lodge 


trained the female to take insects from his fingers. During the second season, 


the female disappeared when the young were about half-grown. The bell- 
boy reported that he saw a hawk take her. The male continued to care tor 


the young but would not take proffered insects. After the young birds could 
fly, the male parent was still with them for at least two or three weeks. On 
one occasion, I saw him dart out at a passing butterfly and bring it to the 
young, two of which pulled it to pieces in their fight for its possession. 

The next season, the site was abandoned, but again in 1930, a pair (pre- 
sumably ditferent) nested at the lodge but in a different place. These birds 
forage in the open space in front, among the trees nearby or in the tops of 
the heavy oak chaparral on the sidehill behind the Lodge, either catching in- 
sects on the wing or descending to the ground in their search. The young 
were ready to fly by June 20. 

A pair nesting under the eaves of the warehouse at the administrative 
headquarters during 1930, were building the nest on May 25 and the young 
were ready to fly on June 28. 

During the summer of 1930, three pairs of long-crested jays were observed 
in the upper part of the canyon at widely separated points. Several pairs of 
the western robins were found. A nest near the museum was first observed 
on June 10 when the young were about half grown. They were ready to fly 
on June 20. Young Nevada cowbirds first appeared near the museum about 
July 6. 

CARNIVOROUS ANIMALS 


The principal carnivorous forms are found among the snakes, birds and 
mammals. Most of the carnivorous birds visiting this community are wide 
ranging species such as those of the hawks and owls which usually nest else 
where and use this community as a part of their foraging area. Little is 
known of their occurrence here as members of this community. However, a 
young western horned owl just learning to fly was found near the museum. 


The more common snakes of this community include the following: 


Masticophis taeniatus taentatus Hallowell................ Western Striped Racer 
Pituophis catenifer deserticola Stejyneger............. Great Basin Gopher Snake 
Lembrotettia ortiins Doylt GB. @ Gin. ic ci scceccseesseeewnses Boyle King Snak« 
Crotalus confluentus lutosus Wlauber.............-- .....Great Basin Rattlesnake 


less common species include: 


Diadophis regalis regalis Baird and Girard................ ..... thimble Snake 
Hypsiglena o. ochrorhynchus Stej. & Barb,............ .... Spotted Night Snake 
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Fic. 15. Boyle king snake, Lampropeltis getulus boylii (B. & G.), eating a 
young Great Basin rattlesnake, Crotalus confluentosus lutosus Klauber. This 
king snake probably takes any available snake that it can overpower. (Photo 
by author.) 
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The striped racer feeds upon lizards, mice and probably upon young birds 


O! 


- eggs. I once found one climbing through the branches of a small tree 
where I suspected that it was hunting for bird nests largely because it was 
the object of warning cries of nearly a dozen birds. At another time, | 
watched one chase a striped race-runner lizard, Cnemidophorus gularis, B. 
& G., and catch it by the tail. The lizard, temporarily halted, quickly de- 
tached its tail leaving it in the mouth of the snake to be leisurely swallowed 
while the balance of the lizard scampered to safety. Its habitat appears to 
include the brush and small trees, particularly on the talus slopes but it also 
hunts around the floor of the canyon among the smaller plants or occasionall: 
among the larger trees. 

The gopher snake feeds principally upon rodents, consisting mostly of 
gophers, mice and chipmunks, but probably it also takes bird’s eggs or young 
since it will take them in captivity. It is known to descend into the 
dark underground tunnels of gophers in search of prey. It oceurs prin- 
cipally around the flat areas on the floor of the canyon. 

The Boyle king snake undoubtedly acts as a check upon the increase in 
numbers of other snakes. I have definite evidence to indicate that it preys 
upon at least the three other common species, the striped racer, the gopher 
snake and the rattlesnake. It probably takes any available snake that it can 
overpower. It also feeds on rodents, 

The rattlesnake inhabits principally the wooded or brushy talus slopes 
where there are rocks or ground holes for shelter, but it also occurs in the 
more open or brushy spots among the deciduous forest particularly around 
rocky outcrops. It feeds primarily upon rodents. 

The carnivorous mammals are but little in evidence and knowledge of 
them has come largely through tracks and occasional specimens. I have 
actually seen specimens of the following: 


Bassariscus astutus nevadensis (?) Miller................ Ring-tail or Bassarisk 
Mephitis occidentalis major Howell............0 0000 c cece cues Great Basin Skunk 
a fee Badger 


The ring-tail is an omnivorous feeder and nocturnal in its foraging. At 
Grand Canyon (Sturdevant, 1928) in captivity, young ones preferred a meat 
diet, ate mice readily, refused fish, and relished grapes. Its diet includes 
some vegetation, probably tender herbage and wild fruits, insects, birds and 
mammals of certain kinds. Its dens are probably among the boulders or in 
crevices in the cliffs, but one pair was known to inhabit the boiler room at 
the Lodge. 

The skunk is much more common. Its presence ts often made known by 
its odor and it is frequently seen on the roadways at night. Insects appear 
to furnish the main part of its food although other small animals and perhaps 
some vegetation are also included. During the last few years with access to 
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a new source of food supply in the garbage from tourist camps, it has be- 
come very numerous. During the summer of 1930, a total of twenty-tive 
were found around the tourist camp after a poison bait campaign. 

I have known of only one badger in the canyon. It was captured by hand 
by some workmen where they had it cornered against a ledge, but its tracks 


and burrows are not uncommon. 


THE CONIFEROUS FOREST 
This community is the equivalent of the VPetran montane forest of 
Weaver and Clements (1929, p. 425). It occurs within the canyon only as 
isolated patches, typically in the narrow sheltered part or in areas of equiv- 
alent protection. These patches are the representatives in the canyon of the 
more extensive forests that occur on the plateaus above the walls and on the 
lower slopes of Cedar Mountain. The chief components of this forest are 
the following trees: 
ee Rocky Mt. Yellow Pine 


en ee er re ea rerae Douglas Fir 


Ee ee eee Pe ee Te ee Perr White Fir 


1°. — 
t0les concolor 


The quaking aspen, Populus aurca Tidestrom, occurs in this type of for- 
est but does not descend to the floor of the canvon as do the conifers. Its 
only occurrence is in a small side canyon just off the West Rim trail about 
half-way up at an altitude of 5,900-6,000 feet, protected by high cliffs on the 
south and west and furnished moisture by subterranean springs. 

The three conifers occur all together in the Grotto near the public camp 
ground, in a humid nook on a steep north slope protected by cliffs on the east 
and south and having a sunlight period during midsummer from 11 a.m. to 
+ p.m. 

Small areas containing pure stands of the white fir occur in several places, 
notably in the narrows where the sunlight periods range from two to four 
hours per day, in Refrigerator Canyon under similar conditions, and at the 
northeast toot of Angel Landing sheltered on the east, south and west by 
high cliffs. 

The Douglas fir is associated with the white fir in several of the more 
sheltered nooks where the conditions of humidity are the more favorable, 
whereas the vellow pine is associated in some of the less protected nooks 
where the situations are slightly less humid. Pearson has shown (1930, p. 
158) that the lower altitudinal range of these trees in the southwest is deter- 
mined by deficient soil moisture. It appears here that the limit is reached 
first by the Douglas fir, second by the white fir and last by the yellow pine. 
There are some areas occupied by the yellow pine which appear to be too dry 
for either of the others. 

Undoubtedly a fauna of certain types, particularly wood-boring beetles, 
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Fig. 16. A clump of white fir trees, bres concolor Lindl., in a protected nook at 
the foot of the Angel Landing and near the bottom of the canvon. Deciduous forest 
below, near the river which 1s faintly shown in the foreground. (Photo by U 


~ 
Nat. Park Service. ) 
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follow these small groups of forest trees, but the areas covered by the trees 
being negligible in size, scant attention has been paid to faunal relations in 


such small communities. 


DECIDUOUS CHAPARRAL 


The talus slopes, in general, do not have such a copious subterranean 
water supply as is found along the canyon bottom, Whatever soil water 
comes to the talus, quickly percolates down the slopes to help swell the under- 
ground supply below. The soil moisture retained in the talus appears to be the 
limiting factor determining the type of vegetation occurring thereon, although 
several other factors are probably of auxiliary or accessory importance. 

As previously pointed out, the effect of the walls in shortening the sun- 
light period and the effect of the slopes in deflecting and dispersing the sun’s 
rays produce a modification of the temperature, evaporation and humidity. 
On those protected slopes where the habitat conditions are ameliorated in the 
direction of lowered summer temperature, lessened vaporation, and greater 
relative humidity, a cover of deciduous chaparral is maintained. This occurs 
mostly on the northerly slopes. The southerly slopes are occupied by the 
scrub conifers of the next community. 

In some cases, there is considerable intergradation between this chaparral 
and the soil moisture group of trees of the deciduous forest. In general, 
however, there appears to be this distinction between the two: that whereas 
the forest trees supply the transpiration stream from a plentiful supply of 
soil moisture, the chaparral is forced to adapt itself to a lessened supply of 
soil moisture by adopting a habitat where a lessened stream of transpiration 
is required. 

The principal components of the chaparral are: 
a ere Tere Ter TTT Terr TT TC eT ee TT 
IY IE SII 6 iv oin'5 oe eds ca Ks iaehieneaenadeceess Pallid Sarvisberry 

The Gambel oak intergrades between this group and the deciduous forest, 
often producing a fair-sized tree under favorable conditions. On the more 
exposed and drier slopes where it occurs, it is invariably shrubby. There 
seems to be a correlation between size and type of soil or soil cover, but this 
in turn appears to be correlated with what is the real limiting factor, the 
quantity of soil moisture available at critical times of the growing season. 

Under some of the more ameliorated chaparral situations, such shrubs as 


the following occur: 


een tener bats CG. Wks) 6.5 nics ces ccccrcrvcaccsssescscauss Fairybells 
ON ee eee ee ee Te Baneberry 
Aivagene Pocmtoaiping CRAaMtse) «2... occ cece cccceeesccsesene Virgin Bower 
i ea. SPPPTeT TREE TET reer Mock Orange 
sik i ebs ebiae a eese hes Caw eebcdeeneben Edwinia 


TTT ee TTT TTT TET Tee eT TCT eT eee Sickly Berry 
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arr I ig oe) Sl wae kode wan naSee been Rock Spirea 
ee tee ae re Whitebark Raspberry 
I ae a ee ey ee ee ery Wild Rose 
POPiCmeeer OR FUEOCIG COURT) oo. o cick ok bs bd wen cbndcdndendevsas Poison Ivy 
sp I OE OE PON coi cs cok ds devices s Ue veeweecdw wean Aralia 
i i ee | er 
ee SO” PUI eo co Canad es Gdbheks hiwkePawaewaee Dogwood 


DP PUOPTCEP IE DUGPUEMIEE TO iain bo5 kh ik ook ba Wns ed ha eeeaeee 


On the other extreme, with much less shade and moisture where the 
amelioration is much reduced, approaching the border line where the chapar- 
ral gives way to the scrub conifers, such forms as the following may occur: 

Source Bee 0) SIPOUIN coe dic cw ch xk seis owen se Wika eee ane He 
Cicmates fepuaticifolia Nutt. oe cc ckceccccvisasscsoveceses 


a. Se en en ee ee Manzanita 


EVRA OME VOR So acco oii Oe ak ah ok Oa Ri ae aes 


While the floor of the canyon occupied by the deciduous forest is the 
strategic topographic highway for the movement of animals and the dis- 
seminules of plants, the chaparral slopes border that highway for long dis- 
tances and occupy a great deal of contiguous territory lying between the 
floor and the base of the cliffs. The scrub conifers also occupy considerable 
territory between the floor and the cliffs but on a different aspect—the 
southerly slopes. The vegetation of the scrub conifers is much less dense 
and the niches suitable for animals to occupy are fewer in number. 

The chaparral furnishes a great deal of palatable food of considerable 
variety suitable for a good many vegetarian animals. The leafy foliage is 
productive of much shade as well as palatable forage. The shade combined 
with the northerly slopes helps to prevent excessively high temperatures in 
the habitats. The niches that animals occupy are not only numerous but also 
approach optimum living conditions in the summer time but have the opposite 


effect in the winter when they are cold, damp and shady. 


VEGETARIANS 


The vegetarian animals of this community fall principally in the same 
general groups as those of the deciduous forest, namely mollusks, millipedes, 
insects, rodents and ungulates. Many of the mammals of both communities 
are identical species with ability to endure conditions of both. The niches 
for mammals are very similar in both habitats. 

The millipedes of the chaparral are identical species with those of the 
deciduous forest, but the presence of larger areas of moist ground litter gives 
better chance for development of numbers. 

Among the mollusks, the more humid conditions of the moister ground 
litter has its sequel in a separation of species between the two communities. 
The differences in moisture content of the ground litter seems to be sufficient 
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to restrict different species to each community with but little overlapping. 
The following species are found among the chaparral on the protected talus 


slopes where there is a deep layer of ground litter: 


Oreehkehs coopert (W. G. Baamey) . 2... 0... e cc ccccccnwsscve Cooper Land Snail! 
ee ng EG.) rere eae ser The Fusiform Snail 
er ee re re ee Glassy Alaska Snail 
Cee SCIEN CSOD) a ine coisas cnc seas vexiansvees Indented Leaf Snail 
Euconulus fulvus alaskensis (Pilsbry)..............ec0eeeee: Conical Leaf Snail 
ef er er ee ere re ee The Tree Snail 
Mareeas Cambetbrig CBRE) occ csc cccassseccvesevusecss The Native Slug 
Gonyodiscus c. cronkhitet (Newcomb)...............02005 The Cronkhite Snail 
er ee ee ee Variable Snail 


Among the insects, there are some obligate vegetarians such as the beetle, 
Baliosus ruber (Web.), which appears to be obligate upon the foliage of the 
Gambel oak and limited by its distribution. It was very numerous in May, 
1923. Other vegetarians, such as the prionid beetle, Prionus californicus 
Mots., are less obligate to individual species of plants. This beetle is very 
common each year during late summer, but occurs in both deciduous forest 
and chaparral communities. The larvae feed upon the roots of dying or dead 
oaks as well as upon the roots of cottonwoods and perhaps other deciduous 
irees. 

Many of the flower-visiting insects, especially the wide-ranging species, 
such as the moths, butterflies, wasps and bees, may be identical species in 
several communities. The vellow jackets (hornets) or vespid wasps some- 
times make their envelope-covered paper nests in the oaks. 

The ground beetles, Carabidae, are an outstanding group of predaceous 
insects of considerable importance among the ground litter of the chaparral. 
The larvae are very delicate and sensitive to the absence of moisture. The 
adults, however, with their heavier armor of their exoskeletons, are able to 
endure drier situations and consequently range over larger areas of ground 
litter than the larvae. 

I NSECTIVOROUS AND CARNIVOROUS ANIMALS 

Among the insectivorous forms, there is a conspicuous absence of am- 
phibians. The more important species are found among the spiders, lizards, 
birds and carnivorous mammals. The spiders are in many cases, identical 
species with those of the deciduous forest, but there are a few species that 
are quite characteristic of the chaparral. 

In general, the spiders will take almost any type of insect that they cai 
entrap or overpower if it be not too heavily armoured. Since the habitats of 
these two communities are similar in many respects, it is not surprising that 
many species are identical. The agalenids, the linyphiids, the araneas pre- 
viously listed and Cyclosa conica (Pallas) are some of the more common 


forms of the chaparral. 
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The important lizard is the sagebrush swift, Sceloporus graciousu gra- 
closus (Baird & Girard), but the Skilton Skink, Ewmneces skiltonianus (Baird 
& Girard), is sometimes found. The former is a brush inhabiting species par- 
ticularly among the more open stands, whereas the latter 1s a partly burrow 
ing form, probably deriving a large part of its food supply from subterranean 
or ground litter inhabitants. 

In general, the heavy chaparral with its dense shade is not a popular hab 
itat for lizards. In comparison with the other communities the lizard popula 
tion here is small although the insect food supply is large. The dense shade 
and the low temperatures may be the excluding factors. 

There are certain birds that are very characteristic of this community. 
The spurred towhee, Pipi/o maculatus montanus Swarth, occupies a niche in 
which it searches the ground litter for insects, scratching and turning over 
leaves with its feet. It is habitually a ground form among the densest thick- 
ets although it does not hesitate to ascend to the tops of the brush. It even 
nests on the ground in the shelter of the chaparral. It is one of the most 
numerous of the canyon birds. On July 5, a brood of five were beginning to 
fly. 

The western gnatcatcher, Polioptila cocrulea amoenissima Grinnell, occu- 
pies a niche in a higher stratum of the dense thickets nearer the top of the 
chaparral. It is far less numerous than the towhee. Several pairs were ob- 
served in the canyon in one breeding season. 

The Baird Bewick wren, Thryomanes bewicku eremophilus Oberholser, is 
also an inhabitant of the chaparral. On July 27, a brood of five just learning 
to fly, were being escorted by their parents. When disturbed, they scattered 
and hid among the brush. 

One pair of the ash-throated flycatcher, J/yiarchus cinerascens cineras- 
cens (Lawrence) was observed in the brush in 1930. It occupies a niche at 
the top of the brush, collecting its food chiefly from the air. 

The long-tailed chat, /cteria virens longicauda Lawr., is a common inhab- 
itant of the thick chaparral. It 1s much wider ranging than the gnatcatcher 
and hunts through the limbs and foliage for insects. | have observed it take 
squawberries on occasion. 

The snakes of the canyon floor sometimes ascend the talus slopes, par- 
ticularly the striped racer and the rattlesnake. While the rattlesnake does 
not usually inhabit the dense chaparral, yet it does occur in the open sections 
or around the rocky areas. The striped racer hunts throughout the brushy 
areas and is probably the most characteristic reptile of the chaparral. 

Of the mammalian carnivores, the ring-tail and the Great Basin skunk, 
both range throughout the chaparral on the talus slopes as well as along the 


floor of the canyon. 
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Fic. 17. A sheltered talus slope bearing deciduous chaparral consisting principally 
of Gambel oak and pallid sarvisberry. Note the heavy cover in contras: to the wide 
spacing of scrub conifers as shown in other pictures. (Photo by U. S. Nat. Park 
Service. ) 





Fic. 18. Scrub conifers—a typical stand on an exposed talus slope. Note the wide 
spacing of the trees, in contrast with the heavy cover of chaparral communities a 
small area of which is shown in the left background in the shelter of a cliff. The 
light spot on the face of the cliff above indicates the spot from which an enormous 
mass of material fell in the spring of 1926. (Photo by U. S. Nat. Park Service.) 
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PIGMY FOREST 
THE ScRUB CONIFERS 

Qn those talus slopes that are but little protected by the canyon walls, 
particularly the southerly slopes, stunted forests of juniper and pinyon repre- 
sent the typical cover; in marked contrast with the deciduous chaparral of 
the more protected slopes. The critical factors limiting the distribution of 
the two types are probably concerned with the available soil moisture during 
the critical periods of the growing season coupled with a climate producing 
rapid evaporation. In those situations where the soil moisture is sufficient to 
maintain the transpiration stream for the broad-leaved forms, they dominate. 
Below this limit, the scrub conifers with their smaller leaf surfaces are the 
dominant forms. 

Within the range of those scrub conifers, those situations with greatest 
soil moisture usually produce the larger individuals and the denser stands. 
On the drier slopes, the plants are widely spaced and often stunted in size— 
indicating that soil moisture rather than heat units is the controlling factor. 
While precipitation is fairly uniform over both the chaparral and the scrub 
conifers within the confines of the canyon, vet the effects of cliff protection 
and of the angle of slope and exposure seem to be auxiliary factors pri- 
marily responsible for controlling the amount of available soil moisture, the 
southerly exposures removing it much more rapidly than the northerly ones. 

The principal dominant trees of this group are: 

Juniperus utahensis (Engelmann) ..............cccccccccccscccces Utah Juniper 
Pinus monophylla Torr. & Fremont..........................Single-leaf Pinyon 


Two other scrub conifers occur in the upper, moister or more protected 
situations and are not common in the low altitudes of the canyon. These 
are the following: 

Jumperus scopulorum Sargent. ..... 2.05.0. cccccceccccese Rocky Mt. Red Cedar 
eI Se eee ay eae take ew eta wine k Pinyon Pine 


The list of species given in the discussion of the deciduous chaparral as 
intergrading with the scrub conifers should be considered in this connection. 
In some cases, the live oak and manzanita may be regarded as predecessors of 
these pigmy conifers as is evidenced by many examples of such trees grow- 
ing up through the brush and displacing it. 

There are certain other shrubs which occur occasionally among these 
scrubby trees, but which do not (within the confines of the canyon) occur in 
extensive stands. These include: 


ER a rr ere Mormon Tea 
Eee eee ee Tee eee eee TT Teer eT eee Cliff’ Rose 
CEPCOCHFONS GFISOMIENS JOTES. .. 2.6. e cece scesceeseeed Arizona Mt. Mahogany 


Lepargerca rotundifolia’ (POTTY). «0.00.00 secccecceciiesceccetece es GHUEE! DEITY 
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This formation receives far less amelioration from the intrinsic desert 
climate that pervades it than either the deciduous forest or chaparral that it 
adjoins. The vegetative cover is much sparser, the foliage less conspicuous, 
and there is much less shade as well as less leaf litter upon the ground. Its 
habitats may be characterized as much hotter and drier than those of the 
other two communities mentioned but less so than those of the desert forma- 
tion. The niches occupied by the animals are correspondingly more hostile 
than the former two and less so than the latter. The animals which inhabit 
such hostile niches must either be prepared to resist such unfavorable con- 
ditions or avoid them. 

The vegetarian animals are, by comparison with the other terrestrial 
communities, few in number. The climate permits the development of a 
type of forest the foliage of which is unpalatable to most animals, but which 
produces juniper berries and pine nuts of great nutritive value. The ground 
litter is so sparse and dry that the snails, millipedes and ground beetles are 
practically excluded. 

Among the vegetarian insects, the majority derive their food supply 


largely from the annual plants of spring and late summer or from under- 


ground sources, largely live roots or fungi growing on the roots of dead 


plants. The cicadas of the family Cicadidae, which spend their larval stages 
underground for periods usually ranging over several years feeding upon 
live roots are very conspicuous when they transform to adults and become 
singing inhabitants of the tree-tops. I have found the larvae four feet 
underground. The tenebrionid beetles of the family Tenebrionidac, whose 
larvae are largely subterranean fungus feeders, are conspicuous groups of 
the surface when they transform into adults. 

Among predaceous forms, some of the insects are subterranean, e.g., the 
free-ranging larvae of the robber flies, Asilidae, and the bee flies, Bombyliidae. 
Some of the arachnids, particularly the scorpions and centipedes, seek shelter 
under rocks in the daytime and range out in search of insect prey at night. 
The scorpions usually secrete themselves under large rocks or boulders; the 
centipedes utilize smaller rocks in a similar fashion; whereas the tarantulas 
usually use holes in the ground. The following forms are characteristic of 
this community although by no means confined to it. Some of them occur 
in other communities wherever rocks or trash are available for shelter. 

CENTIPEDES 
Lamyctes pinampus Chamberlin 
Otocryptops sexpmosus (Say) 
SCORPIONS 
Hadrurus hirsutus Wood Large Scorpion 
Vaejovis punctipalpus Wood.......... 00.00. c cece eee ee cess mall Scorpion 


TARANTULA 
Eurypelma_ steindachneri (Ausserer) . Tarantula 








» 
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A good example of those animals that avoid the hostile conditions of the 
environment is the desert toad, Bufo punctatus B. & G. Its lite history re- 
quires water for the development of the eggs and tadpoles, but in contrast 
with the other amphibians of Zion Canyon, the adults occupy a much drier 
habitat, and the larvae seem able to develop in seepage water or perhaps in 
standing pools of intermittent streams. Storer remarks (1925, p. 198) in 
comparing this form with the tree toad, //yla arenicolor Cope, that “areni- 
color requires actual running water, whereas punctatus seems to be content 
with mere seepage, a later stage in the history of a regressive stream.” | 
have taken eggs, tadpoles and the copulating adults from seepage pools hav- 
ing a temperature that felt warm to the hand. Undoubtedly the high tem- 
peratures induced in such shallow water hastens the larval development and 
confines it to a shorter period. I have taken an adult specimen from the 
petrified forest of Zion National Park among the scrub coniters some two 
to three miles from the nearest living water. It was, however, close to a 
wash where intermittent or temporary streams in early spring and late sum- 
mer left standing pools which might have been the source of larval develop- 
ment. This adult was found under a large rock in moist soil during the first 
week in July and at a time when the summer extremes of heat and drouth 
were most critical. 

The reptiles probably represent the most characteristic group of animals 
that meet the hostile environment and are active during the daytime. Their 
moisture-preserving armour of scales and their adjustment of temperature 
to that of the surrounding medium with a consequent increase in activity as 
the temperature rises to an optimum which in some lizards is extremely high, 
seems to fit them to cope with drouth and high temperature. But even these 
animals with all their adaptations usually retreat to shelter during the hottest 
parts of the summer days. The more important reptiles of the scrub coni- 


fers are the following: 


Crotapmyius coliaris Daile yt (SR). ) ooo. onc cv ccc eccececascaseees Ring-neck Lizard 

‘ta stansburiana stansburiana B. & Gi... eee eee eee. Brown-shouldered Lizard 
Cunemidophorus tessellatus tessellatus (Say) .............. Desert Whiptail Lizard 
Masticophis flagelium frenatus (Ste}.) «6... 6 cece ccc ecessees Red Racer Snake 
Crotalus confluentus lutosus Klauber.............005005- Great Basin Rattlesnake 


The lizards of this list are all insectivorous, but the ring-neck is, in addi 
tion, cannibalistic and prevs on other lizards. It is an inhabitant of rocky 
slopes or foothills sometimes extending down onto the flats, but is more or 
less confined to rocky areas since it is under the rocks that it usually retreats 
to shelter. Such shelter usually consists of small excavations under large 
rocks or boulders of such size that considerable amelioration from the desert 
climate is provided. 

The brown-shouldered lizard is a ground-dwelling form which ‘usually 
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occupies brushy, rocky or scrub forest areas. When disturbed, it usually 
runs into a bush, a hole or behind a rock before stopping. The desert whip- 
‘tail lizard is a ground dweller of the open scrub forests or desert areas. It 
is not a climbing form either of rocks or trees, but has great speed in 
running. 

The red racer is a wide-ranging form which occupies a niche at a slightly 
lower altitude and slightly warmer climate than the striped racer of the chap- 
arral. The latter is an inhabitant of the lower mountain slopes while the 
former covers the foothills and valleys below. Its food is much like that of 
the striped racer and consists principally of lizards, bird eggs or young, and 
small rodents. The rattlesnake is a common inhabitant of all the terrestrial 
communities except the conifers and is probably the most common form 
found in the pigmy forest. 

Of the birds, perhaps the long-crested jay, Cyanocitta stelleri: diademata 
( Bonaparte ), is the most conspicuous and colorful inhabitant. Several pairs 
are usually present in the canyon each season. While one pair usually occu- 
pies a position just below the narrows where the canyon is not wide and 
where the vegetation is a composite of deciduous forest, chaparral, and scrub 
conifers all “scrambled” together, other pairs occupy positions in the scrub 
conifers farther down the canyon where pine nuts and perhaps juniper berries 
furnish part of the food supply. Less common is the Woodhouse jay, 
Aphelecoma woodhousei (Baird). 

The Rocky Mountain black-headed grosbeak, Hedymeles melanocephala 
papago Oberholser, although primarily a deciduous forest inhabitant, often 
visits the scrub conifers near by in search of insects and probably pine nuts 
or juniper berries. The small inconspicuous western chipping sparrow, 
Spisella passerina ariszonae Coues, is one of the most common forms of the 
ground stratum. The Say phoebe, Sayornis sayus sayus (Bonaparte ), in one 
case at least, nested under the eaves of a building among the pinyons and 
junipers where it searched for its insect food either on the wing or on the 
ground. 

Among the mammals, the gray rock squirrel, O. g. grammurus (Say), 
finds an abundant supply of pine nuts in the fall of the year which it stores 
away in caches. In building roads and trails, the caches have sometimes been 


uncovered, some of them containing as much as two bushels of nuts ( Zion- 
Bryce Nature Notes, Vol. 2, No. 3, Aug., 1930). | 
The wood rat, Neotoma lepida monstrabilis Goldman, judging from its 


conspicuous nests scattered throughout the scrub conifers, the desert scrub 


and even among the deciduous forest, is a very widespread and successful 
member of the rodent group. Its fare is undoubtedly much varied. I have 
had it take Cooper land snails and extract the bodies from the shells through 


a hole nibbled at the base of the first whorl. 
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The Rocky Mountain mule deer, O. h. macrotis (True), often ranges 


during the winter time through the scrub conifers. 


DESERT SCRUB 

Biotic forms now living on the desert plain off below the mouth of the 
canyon, receive the direct impact of the desert climate with but little, if any, 
amelioration. During the critical drouth period of the summer growing sea- 
son when the supply of soil moisture is far too small to serve the needs of 
the transpiration stream of more mesophytic plants, the desert plants are 
subjected to the extremes of the habitat with reference to intense light, 1n- 
tense heat (high temperatures, often over 100° F), rapid evaporation (far 
exceeding the precipitation), and low relative humidity (often as low as 
10-20'° ). 

In addition to the desert plains below its mouth, there are certain situa 
tions in the canyon itself subjected to similar conditions. These consist 
principally of south-facing cliffs and slopes, especially in the lower altitudes, 
and occupy extensive areas around the mouth of the canyon where the walls 
fall away and great areas are exposed to the sun, but lesser areas may be 
found scattered here and there in many places. 

Plants that are successful in this desert habitat are adapted in various 
Ways to meet its adversities or peculiarities. Certain annuals avoid its ex- 
treme adversities by growing during the periods when moisture is available, 
either early spring or late summer and fall. A few perennials store food in 
bulbs and do likewise—1.e., grow when moisture is available, as does the sego 
lily, Calochortus nutiallui’ Vorr. & Gray, which passes through its cycle ot 
growth and reproduction in the spring. 

Most of the perennials, however, cannot avoid these critical periods. They 
must meet the conditions as they exist. In general, they are plants that have 
more or less control over the transpiration stream, otherwise they would per 
ish during the critical drouth period when the soil moisture had been reduced 
to the point where they could no longer extract water from the soil. There 
are a few desert plants which avoid this danger as in the case of the follow 
ing whose roots usually reach an underground source of water and are thus 


able to keep the transpiration stream fully supplied : 


Strombocarpa odorata (Torr, & Frem)............0.. .....ocrewbhean Mesquite 
Prosopis glandulosa Yorr...... sa gordi wit ee eae ad a .....Bean-pod Mesquite 
FORA MILAM AGES  CROOUNOS ois 5 650% 6% 6a icin oO ae Se Rls RS CRs .......Utah Squawbush 
PCHEG Gericke CIRO) 6k aid nic awiawnawasions ec re ere .. Arrow-weed 


Such a source of water helps to alleviate the unfavorable desert conditions, 
but in those areas where no such help is available and the plants depend 
directly upon rainfall for their soil moisture, other methods of meeting the 
situation are used. Some store water in the plant body when it is available 










































"CITT TP Ecological Monograp 
Ancus M. Woopsvury ~~ te 


Fic. 19. A clump of the elephant-ear cactus, Opuntia tenuispina Engelm, growing 
on an exposed talus slope. (Photo by U. S. Nat. Park Service.) 
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(succulent type), others reduce the surface from which evaporation may take 
place (thorny type), while still others are coated with hairy structures or 
waxy substances that tend to prevent evaporation. 

The chief component of this type of desert flora in the area under con- 
sideration is the black brush, Coleogyne ramosissima Torrey, which is wide- 
spread over the flats between the mouth of the canyon and the Hurricane 
Fault, but there are occasional clumps of the more typical Lower Sonoran 
creosote bush, Covillea tridentata (DC), in various places on the desert plain 

the upper edge of its range. The important components of this desert 


group of plants include the following: 


a ee a. ae. en re \Mlormon Tea 
Yucca angustissima Engelm.................00.00-0008-.. Narrow-leaved Yucca 
Yucca baccata WU ep re tO cu Lite te hit nye fag iny cannes Vig care i Thick-leaved Yucca 
8 ee ere: Weump Berry 
a ae Black Brush 
eee IOI IN Brak c deck akivad bec detecvassewnsteewaud een Krameria 
Pe IE 1 FUMES.) oes soc a eS cs ces eckcckcasdinceas Desert Beauty 
I ON es i ab owewhindveaeuhewas seccaukueks Creosote Bush 
er are Little Tree Cactus 
OT re Spineless Cactus 
eee PII TOI os. view cakes e eV edie eee cet ceeeene Red-spined Cactus 
Opuntia tenuispina Engelm.............00 0c cece cece eee ees Elephant-ear Cactus 
ere COOP UNE FOTN oi sik Seeds wesc dwdeesueevads Red-flowering Cactus 
Bemaocereus corcucue Towels: .oics boss ccacs hock ic cc ve cceweeenivbess Cactus 
Echmocereus engelmanni (Parry) 2.0.2.0. 0.000 scicccieevccnss Cucumber Cactus 
memnemceramse Orlecaminis CORUM) o.oo iis css 6 ieee ces cen esenens Cactus 


Lycium sp. 
Coleosanthus longifolins (S. Wats.) ......0.ccccsccscccecess Long-leaved Coleos 
Animals have similar problems to meet—that is, they must either be able 
to meet the extremes of the desert environment or avoid them. Those which 
cannot are eliminated. The fauna is consequently highly specialized in vari 
ous ways and much restricted in numbers when compared with the more 
prolific formations. The paucity of faunal life in the desert is very evident, 
but it is more apparent to a casual visitor than real. Much of the fauna ts 
engaged in avoiding the extremes of the climate. During the summer, they 
are usually hidden during the day and abroad at night when conditions are 
not so unfavorable and consequently are seldom seen. Those that are active 
during the daytime usually operate during the morning or evening and slow 
down or cease activity (some of them estivate) during the middle of the day. 
The desert produces a much more varied flora than occurs among the 
scrub conifers, and the vegetation is, in general, more palatable to animals, 
particularly the insects. Living plant roots and fungi growing on dead roots 
furnish a large source of food supply to certain groups of insects, particularly 
in the larval state. The root-feeding larvae include members of the cicadas, 


Cicadidac, and June beetles. Scarabetdac, the species often being different 
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from those of the other communities. The free-ranging larvae of the bee- 
flies, Bombylidae, and of the robber-flies, Asilidac, are important members 
of the underground fauna of predaceous insects. 

Other insects find food above ground. There is a large group of leaf- 
eating larvae, notably among the moths and butter-flies, Lepidoptera, which 
feed upon the annuals in the spring and transform to adults later in the 
season. Other insects find food within the stems of plants where they are 
more or less protected from the vicissitudes of the weather. These are well 
represented in the wood-boring beetles, both the round headed, Cerambycidae, 
and the flat headed, Buprestidae. Monilema shantzi Casey which lives in the 
stems of the cactus is a good example of the former and Aemeodera variegata 
Leconte which sometimes occurs in the stems of mesquite is a good example 
of the latter. 

The ground litter being very sparse, snails and millipedes are practically 
excluded. Scorpions and centipedes that find shelter under rocks and prey 
upon insects are successfyl in the desert. The species are identical with those 
listed for the pigmy forest. The tarantula and black widow spider also occur 
here. 

Among the vertebrates, the fauna consists principally of reptiles, birds 
and mammals, the fish and amphibians being excluded by lack of water. 
There may be an exception to this exclusion in the case of the desert toad, 
Bufo punctatus B. & G., which might be expected to occur in the vicinity of 
small streams from seepage that furnish ponds suitable for the development 
of the larvae. 

The principal desert reptiles of the region below the mouth of the canyon 
are the following: 


TE ee Banded Gecko 
en Se ED hus akin ebane be ewaleaahwxled keke Chuckwalla 
Crotaphytus collaris baileyi (Stej)............ 0c cece eee Western Collared Lizard 
Phrynosoma platyrhinos Girard.............cccccecccecees Desert Horned Toad 
ee eee ee Gila Monster 
Cnemidophorus t. tessellatus (Say) ..........ccesceceeees Desert Whiptail Lizard 
Crotalus confluentus Iutosus Klauber..............0..000- Great Basin Rattlesnake 


The banded gecko is a nocturnal form, hiding in the day time under stones 
or rocks and coming out to collect its insect food at night. The chuckwalla is 
associated with the large rocks or boulders, adapted by its flat form to fit into 
the cracks or crevices for protection, but must leave such shelter to seek its 
food consisting of vegetation. The desert horned toad inhabits the flats or 
open slopes, feeding upon insects and depending upon the shelter of bushes 
for protection. 

The niche of the Gila monster is not so fully known. It appears to be 
associated with the rocky areas and is probably carnivorous, perhaps feeding 
upon the eggs of birds or reptiles or perhaps upon the young. The checkered 
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race-runner or desert whiptail lizard is a denizen of the open spaces where it 
seeks its insect food and where it has a chance to preserve itself from its 
enemies by running. . 

Many birds inhabit the desert either permanently or seasonally. Only a 
few of the more typical or characteristic forms will be listed: 


Léphoriys gambeli gambeli Gambel..............002 ccc ccececcvcs Gambel Quail 
Gyococcye californtanus (LESSON)... oo .cccccc cc cceessessccasseees Road Runner 
Salpmcies obsolcius obsoltiug (Say). < .cccicccicccccsvivecccevawnes Rock Wren 
Amphispizsa bilineata deserticola Ridgw.........0.00 cece eee es Desert Sparrow 


The Gambel quail is a vegetarian, feeding largely on seeds and fruits. It 
is usually limited to brushy areas within reach of water. Although primarily 
belonging to the ground stratum, it will fly short distances in alarm and will 
enter bushes in search of fruits or seeds or will perch on bush tops or fence 
posts as look-out points. 

The road runner is another ground stratum bird, but is much more 
mobile than the quail and utilizes an entirely different type of food, being 
carnivorous and feeding largely upon insects and reptiles, two of the out- 
standing desert groups. Its conformation and aggressive habits are in marked 
contrast with the protective adaptations of the quail. 

The rock wren occupies a niche around boulders and rocky outcrops. 
Being insectivorous, it gets its food largely from insects that come to the 
rocky areas. The desert sparrow, also insectivorous, occupies a niche in the 
shrub stratum. 

Of the mammals, the desert wood rat, Neotoma lepida monstrabilis Gold 
man, is widespread in the desert. It is nocturnal and omnivorous. In contrast 
stands the diurnal and vegetarian antelope ground squirrel, immosper- 
mophilus leucurus cinnamoneus (Merriam). 

SUCCESSION 

Of the various kinds of succession, two have been chosen for primary 
emphasis here, topographic and biotic; topographic because of its probable 
parallel development with the movement of the canyon thus indicating his- 
torical sequences of the communities and pointing toward an understanding 
of present day conditions upon the historical background ; biotic because of 
its immediate interest in connection with the interpretation of community 
relationships. By topographic succession, we may refer to those major biotic 
changes that have occurred as a result of the shifting of the topography—the 
movement of communities. The term biotic succession may be used to in 
dicate successive significant changes that occur in the biotic organization of 
communities. 

TOPOGRAPHIC SUCCESSION 
The evidence for the historical topographic succession is largely and pri- 


marily geologic in its nature. It rests fundamentally upon the assumption 
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Fic. 20. Temporary stream following a heavy shower. It stopped flowing within 
two hours after the rain ceased. Scene along the Zion-Mt. Carmel highway. (Photo 
by U. S. Nat. Park Service.) 
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that the homologous rock strata of the region were at one time continuous 
in a practically horizontal position and that land elevation, displacements and 
erosion have been the principal agencies involved in changing the original 
conditions. 

With this assumption, it is logical to cenclude that with the land elevation 
of the region, the river early sunk its channel downward faster than the other 
forces of erosion widened it, beginning at some point much farther down 
stream than its present location. This is a matter of relative rates of erosion ; 
the deepening depending primarily upon fall but also upon quantity of water, 
the widening largely upon local climate. That plenty of fall has been available 
is quite evident from the amount of the land elevation. This, however, would 
again be affected by the rate at which the uplift occurred. 

The matter of local climate during the period of uplift is largely con- 
jecture. In all probability, the rising mass presented a higher and higher 
front to the prevailing winds from the southwest and thus secured more and 
more precipitation on the higher parts, probably slowly increasing the size 
of the stream. Otherwise the local climate may have changed but little. The 
uplift ended with a climate which produced a coniferous forest on its summit 
and a desert at its foot. 

That the river began deepening its channel at a point much farther down- 
stream there can be little doubt. for there are mesas flanking the desert 
plains below the mouth of the canyon that are evidently the remains of re 
treating walls (Fig. 3). The evidence clearly points to a developing canyon, 
beginning many miles below and working headward toward its present pos!- 
tion. The evidence for this is largely derived from the present condition of 
the canvon—deep and narrow at the head, gradually widening below until 
finally obliterated leaving the desert plain in the rear. 

The origin of the biota of the general region is beyond the scope of this 
work. As the landmass arose and developed the several diverse belts ot 
existing vegetation and their trains of animal life incident thereto, the various 
forms became available as components in the development of communities in 
the canyon. The canyon communities are in many ways duplicates of these 
belts, but brought together in sharp contrast: with one another in such a way 
as to emphasize the important factors limiting or controlling the development 
of each type. The topographic succession deals with the way in which these 
various communities have shifted with the topographic headward movement 
of the canyon. 

The first gorge that was cut by the river many miles downstream must 
have produced bare areas of clitf which have continually receded both lateral’, 
and headward toward the present positions that they now occupy. The river 
must also have developed along its bed, an aquatic sandy desert which has 


extended its source farther and farther into the mountains, but whose course 
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Fic. 21. A small temporary waterfall coming from a hanging canyon. Temple 
of Sinawava. There are many such falls following heavy showers, sometimes much 
larger. Very effective in erosion. (Photo by U. S. Nat. Park Service.) 
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has remained practically constant except for minor lateral shiftings back and 
forth and for its vertical movement through degrading or aggrading its bed. 

The biotic communities have undoubtedly moved in conformity with the 
changes affecting the factors which determine their distribution. Considering 
land elevation alone, its net effect would be to push a definite climatic com- 
munity downstream. Considering stream degradation alone, its net effect 
would be the reverse—to push a climatic community upstream. Assuming 
that at some stage in the development of the canyon, that the different com- 
munities present there today somehow entered it and have moved largely in 
conformity with the changing topography as a result of degradation, we can 
follow the theoretical movements of the communities. 

The river and the bare areas of cliff were the beginning. The stream was 
undoubtedly stocked with living organisms but the bare walls of the gorge 
must have been practically devoid of life at first. In all probability, seeps 
and springs emerged from the cliffs where the subterranean reservoirs had 
been opened by the gorge. No doubt, life forms developed in the trickling 
water. As the canyon widened and the walls receded, a successional series 
of development must have followed, leading through the stages now repre- 
sented in the hanging gardens and the small stream (spring brook) stages 
and ending with an extension of the river. With the movement of the gorge 
headward, fresh seeps and springs emerged farther upstream and older ones 
dried up below. Those which persisted below were consolidated into larger 
tributaries which pushed their drainage areas farther back into the mountains. 
Thus, the beginnings of the aquatic sere were continually transferred farther 
and farther upstream with the retreat of the canyon. 

The original narrow gorge was, no doubt, comparable to the present gorge 
at the head of the canyon, since it was cut through the same stratum of rock. 
It was undoubtedly characterized like the present gorge by short sunlight 
period, low or moderate temperatures during the growing season, low rate 
of evaporation and high relative humidity. The bare rock would, under 
such conditions, likely lead to the development of a sparse community with a 
climax of coniferous forest. \Vith a widening of the gorge and the letting 
in of more sunlight, climatic conditions would change and become unsuitable 
for the conifers. They would, however, still find suitable habitat conditions 
in the narrower part of the gorge where it had been cut further upstream. 
The net result would be a migration of this community progressively farther 
upstream keeping pace with the movement of the narrow gorge. 

The movement of the deciduous chaparral and scrub conifers may be 
explained upon the same hypothesis. As the gorge widened into a canyon, 
it presented exposed and protected slopes to longer periods of sunshine. The 
chaparral on the northerly and the scrub conifers on the southerly exposures 
followed the advancing gorge as it opened out and let in the sunshine. 

As the resulting canyon finished widening out and became obliterated, it 
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Fic. 22. Potholes worn by intermittent streams that flow only following heavy 
precipitation. They show results of stream action. (Photo by U. S. Nat. Park 
Service. ) 
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Fic. 23. Water-worn gorge in Pine Creek, showing the perched potholes of stream 
origin on the sidewalls, as viewed from a window in the Zion-Mt. Carmel Tunnel 
(Photo by U. S. Nat. Park Service.) 
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exposed the biotic occupants to the full rigors of the desert climate by exclud- 
ing the ameliorating aid of the canyon walls. The chaparral and scrub conifer 
biotic groups thus gave way to the desert community which followed on the 
lengthening stretch of desert plain. 

The deciduous forest along the margins of the river has had a different 
history. At present, the trees of this group do not grow in the narrows with 
the conifers. Their range begins where that of the conifers ends. Some ot 
them, especially the cottonwoods, occur all the way down the flood plain of 
the river to its junction with the Colorado. This community, then, has not 
moved bodily forward as have the other terrestrial communities, but has 
simply extended its area headward, following in the wake of the widening 
gorge. 

To summarize the topographic succession, the various communities of 
Zion Canyon probably had their origin in a similar canyon much farther down- 
stream and have moved forward with the retreating canyon in a successive 
series of changes, correlated with successive changes in physical conditions. 
The communities designated as bare areas, hanging gardens, small streams, 
coniferous forest, deciduous chaparral, and scrub conifers have moved bodily 
forward giving way in the rear to other types. The balance of the com- 
munities, the river, the deciduous forest, and the desert persist after the 
others have moved forward. They simply extend their areas by advancing 
in the rear of the former without giving up any of their own areas. 


CORRELATION OF STAGES 
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TOPOGRAPHIC SUCCESSION 


HistorIcAL MoveMENT oF CoM MUNITIES 
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Fig. 24. Single arrows indicate the normal historical course of development. 
Double arrows indicate that there may have been a shifting back and forth due to 
physiographic changes. 
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BlOTIC SUCCESSION 
SUCCESSIONAL DEVELOPMENT 


While the various communities have, no doubt, been continuously distinct 
entities since their initial establishment in the canyon, vet they are scarcely 
of equal rank from the developmental standpoint. Some of them are fore- 
runners of others. The communities have been named trom their primary 
outstanding characteristics and only those of obvious importance or influence 
have received rece yemition. 

When analyzed from the standpoint of successional development, some ot 
the larger important communities must be subordinated in rank to smaller 
less important ones. With such development implving successive stages from 
bare areas (nudation) through the various steps to approximate stabilization 
(climax), it 1s obvious that the bare cliffs which are so conspicuous in the 
landscape form the beginning for all of the primary seres that lead to all 
five of the formations. 

The four terrestrial formations, coniferous forest, deciduous chaparral, 
scrub conifers, and desert scrub are derived directly from the bare areas of 
cliff through successive stages of soil formation and colonization. The type 
of development depends upon the location with reference to the ameunt of 
amelioration given the local climate by the river and the protecting walls. 
That with the greatest amelioration develops the conifers. Next to it stands 
the deciduous chaparral. This is followed by the scrub coniters or pigmy 
forest. Lastly comes the desert scrub with the amelioration reduced to its 
lowest point. 

The river formation develops by an entirely different method, depending 
primarily on the presence of water. The river is merely enlarged or extended 
by the development resulting from the trickling water and the small streams. 
Some of the springs and small streams dry up and disappear; others get 
larger and make tributaries or forks. The river stream shifts back and forth 


over its flood plains leaving ponds and swamps here and there, which either 


pass through a hydrosere and eventually fill up and pass into a terrestrial 


formation or are reoccupied by the stream. Deciduous forest develops along 
the floodplains. If the river shifts its position, it may inundate parts of 
this forest and may leave other parts high and dry, in which case, these 
exposed portions may be encroached upon by the adjacent formations. Thus 
the deciduous chaparral, scrub conifers and desert scrub may each receive 
small additions by such encroachment upon the deciduous forest, but such 
areas are usually compensated by similar losses from the opposite side of the 
river. The important point is that the deciduous forest is a constant accom- 


paniment of the ever-shifting floodplains. 
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SERAL DEVELOPMENT 


SUCCESSIONAL DEVELOPMENT OF COMMUNITIFS 
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Small streams Deciduous Scrub 
Spring brooks chaparral conifers 
Ponds and 
SWAMPS 
Vy ° 
Fiver + Deciduous >Desert 
forest <— scruh 
Fic. 25. Single arrows indicate the normal course of development. Double 


arrows indicate that there may be shifting back and forth due to physiographic 
changes. 
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RHYTHMICAL PHENOMENA 


The various physical rhythms or rhythmical phenomena that affect the 
biotic elements produce marked cyclical responses. The cycles to be given 
primary attention here are those resulting from the march of the seasons 
producing temperature alternations, from the diurnal sun rhythm producing 
day and night, and from precipitation rhythms producing wet and dry periods. 

The temperature cycle ranges from optimum conditions in the spring up- 
ward through the summer to critical and often prohibitive temperatures of 
more than 100° I, and from optimum temperatures in the fall downward 
through the winter to temperatures far below freezing, often to the neighbor- 
hood of 10° to 15° F. 

The principal adjustments to this cycle are the lessened activities or the 
dormancy of the plants and most animals (excluding some of the warm- 
blooded species) during the winter, the general recrudescence of growth and 
activity of both in the warm weather, and perhaps estivation of some forms 
during hot weather. These adjustments may be modified by either or both 
of the other two cycles. The day and night rhythm, producing both heat 
and light or the reverse, may accelerate or retard the seasonal march. The 
recurrent wet and dry periods may provide optimum growing conditions or 
cause an adjustment to adverse conditions or critical limits. 

The winters are relatively short and mild when compared with the inter- 
mountain region. ‘The mean monthly temperature does not reach the freezing 


point, but the mean minimum descends several degrees below that figure. 


Actually, however, short periods of severe freezing weather do occur, during 
which time, the soil may be frozen to a depth of two to ten inches. 

The summers are comparatively hot, the maximum temperature sometimes 
reaching as much as 105° F, although the mean maximum is only 96° F and 
the mean summer temperature is less than 80° F. 

These figures do not register the actual conditions in the habitats but they 
indicate something of the critical temperatures of the extremes that the plants 
and animals must either meet or avoid. They undoubtedly are effective in 
excluding forms which cannot meet or circumvent these restrictions. 

The mean spring temperature of 50° F which occurs in March, approx- 
imately coincides with the period of renewed growth and activity at which 
time, a majority of the plants develop new foliage and dormant animals such 
as insects and lizards become active. The diurnal rhythm must be taken into 
consideration in this connection. The mean maximum at this period reaches 
65° F and the mean minimum 36° F, indicating that the days are warm and 
the nights are cold, with a consequent speeding up of growth and activity in 
the daytime when light is available for plants and a slowing down at night. 

The spring may be characterized by normally moist soil with a tendency 
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to increasing dessication as the season advances: by gradually increasing 
temperatures ; and by strong contrast between day and night, the dav tem- 
peratures and the light ranging in the neighborhood of the optimum for growth 
and activity, and the nocturnal temperatures usually descending to points 
much below the optimum, often in the neighborhood of the eritical limit 


which prohibits growth and activity, and occasionally to freezing. 


PLANT CYCLES 


As the season advances toward soil dessication and higher temperatures, 
the biota must adjust its further development to both factors. A large group 
of annual plants complete their life cycle before the intense heat and critical 
drouth period of June. This group includes species of the genera Ieriogonum, 
Claytonia, Delphinium, Lepidium, Malcomia, Lotus, Petalostemon, [:rodium 
and Phlox. Undoubtedly many plants that cannot develop seed before this 
critical period are thereby excluded. The fore part of the season with mean 
temperatures ranging around 45° to 60° F usually correspond to the vegetative 
period of growth whereas the latter part of the period with higher mean 
temperatures usually around 60° to 70° F is correlated with the reproductive 
period—the development of seeds. 

The recurrent moist period is the signal for rapid development of a new 
group of annuals. These are usually favorably located with reference to soil 
moisture or else early develop root systems that enable them to survive the 
early summer drouth. They usually begin development later in the season 
when the mean temperature is much higher than the spring annuals. Some 
of the more conspicuous of these may be listed: 


I, PRS PION 6G he chs GaSe e eee res bake xb eRe Kens Russian Thistle 
ee ee ee err re rere Rutabaga 
Brassica juncea (L) 

ee ee Ga Scie babs cae lia ti aekh Genes Yellow Beeflower 
Gayophytum ramosissimum T. & G. 

ona Pec awaee ee Keon awd back eee es eanesews Ground cherry 
I EO eee ee ee ee ee eee Black nightshade 
NE Gi os een inc ye helena Gale ek HLS OFA AGAUR SLL RARE w ES Sunflower 


The late summer moist period is also the signal for the establishment of 
certain biennials which survive the winter and bloom the next season. [¢stab- 
lishment at this time of the year permits them to develop sufficiently large 
root systems to enable them to withstand the winter cold and the June drouth. 
The majority come into bloom in late summer the next season, coincident with 
lowering summer temperature, shortening daylight, and late summer moist 
period. The following are some of the conspicuous members of this group: 

Thelypodium integrifolium (Nutt.) 
Streptanthus longirostris S. Wats 


MCHIOTIS CIDR IDEST. cc. oka ea ce ess ae Eis White sweet Clover 
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them in the morning. 


The sacred datura, Datura meteloides D. C., in bloom. 
plants that bloom at night in midsummer. 


(Photo by U 


The flowers close when the stun 
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Oenothera longissima (?) Ryd 


Phacelia heterophylla Pursh. . 


Yellow evening Primrose 


The perennials, adapted or adjusted in various ways to tide over adverse 
conditions, are less limited by the moisture cycle, although even here its effects 
are apparent in some cases. In those situations where subterranean water 
ameliorates the soil conditions, there is less evidence of the effects of the 
cyclical periods in precipitation, consequently it is among the xerophytic 
tvpes that the greatest responses occur. Most of these plants are either pre 
pared to store moisture when available or resist dessication during drouth, 
but carry on their principal growth and flowering in the spring when sot! 
moisture is still available. Seed production may be carried over into the 
drouth period since there is at that stage less danger of water loss. One 
exception among the plants listed as desert scrub is that of the long-leaved 
coleos, Colecosanthus longifolius (S. Wats.), which blooms in the fall, Sep- 
tember-October. 

Other perennials, like the early annuals, grow, bloom and produce seed 
before the summer drouth. This group is well illustrated by several species 
of the genus Penstemon and by species of the genera Allium, Dichelostemma, 
Iritillaria, Calochortus, \bronia, Astragalus, and Sphaeralcea, some of which 
are bulbiferous. 

In general, the development of those perennials supplied with larger quan- 
tities of scil moisture, is regulated primarily by temperature and light condi- 
tions in conjunction with the inherent characters of the various species. 
Many of them eTOW vigorously and bloom in the spring and take the task of 
seed production more leisurely. Examples of these are the oaks, maples and 
ashes. 

karly summer is characterized by a conspicuous group of night-blooming 
plants, mostly perennials (one biennial), as well as a conspicuous absence of 
the day-blo6ming forms. The temperatures at this period are extremely high 
in the day-time, often reaching more than 100° F. The heat rigor developed 
by such high temperatures is probably sufficient to account for the absence of 
bloom under such conditions. The nights, however, approach optimum con- 
ditions, the minimum temperatures usually ranging between 60° and 80° F. 
With the exception of the four o’clock, which opens in late afternoon, the 
flowers listed below all open about dusk. They usually close next morning 
when the sun strikes them. On cloudy days or in shady situations, they may 
persist much later in the day. In fact, I have observed datura flowers in the 
narrow part of the canyon on cloudy days last over until the second night. 
The controlling factor is probably temperature although moisture loss may 
be associated in contro!. Following are the important night-blooming species : 

Tradescentia scépuloram Rose... ....6..00ccaccssicivvsscveassss .... Spiderwort 
Dg a ae ee ee rere Four o'clock 
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Fic. 27. A diagrammatic representation of the cyclical volume of activity of cer- 
tain ecological groups of plants with special reference to blooming period, showing 
the main periods of activity and the way in which they harmonize the life cycle with 
rythmical phenomena of light, temperature and precipitation. 
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Oenothera longissima (?) Rydb.............cecccccees Yellow evening Primrose 
ee | ee re eee er White evening Primrose 
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There are a few minor exceptions to this general rule, but they are not 
numerous. The large elephant-ear cactus, Opuntia tenuispina, opens its bloom 
in the middle of the day but its blooming period is usually over by early July. 
The blazing star, Wentselia multiflora (Nutt.), opens its flowers in the bright 
sunlight. 
[ate summer and fall is a period characterized by profuse bloom nearly 
equal to that of the spring period. The following list gives some of the more 
striking and more important members of the group, many of which belong 


to the family Compositae. 


a Ss) ee ere .. Wild Geranium 
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The evelical succession of plants may be brietly summarized : 

A large group of annuals arise from seed in early spring and pass through 
their life cycles before the summer drouth arrives. Similarly, a large group 
of perennials, mostly growing in xeric areas, put on vigorous growth and 
pass through the blooming period and much of the seed production period 
while the spring moisture is still available. 

Another group of perennials with slower development in the spring, be- 
coming night-blooming, are characteristic of the hot dry period of early 
summer when day temperatures are extreme and day-blooming flowers are 
rare. 

A second group of both annuals and perennials develop more slowly 
through spring and summer and come into bloom during late summer or 
fall coincident with the late summer moist period, lowering temperatures, 
and shortening daylight period. 

A conspicuous group of biennials establish themselves during the late- 
summer moist period, endure the cold of winter and the drouth of early sum- 
mer, and bloom the second season concurrently with the fall groups of 
annuals and perennials. 

ANIMAL CYCLES 

The recrudescence of plant growth in the spring with its near optimum 

conditions of temperature and moisture, is followed by a big wave of animal 
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life. Many hibernating insects come forth in search of food and suitable egg- 
laying sites. Overwintering eggs hatch and the larvae begin feeding. Hidden 
pupae emerge as adult insects. There is thus a sudden increase in the insect 
population with the opening of spring. This wave reaches higher proportions 
in Zion Canyon than in much of the surrounding region. 

Arachnids, amphibians, lizards and bats arouse from their dormancy and 
find a plentiful supply of insect food which enables them to recuperate rapidly 
from their hibernation and prepare for the reproductive season that 1s to 
follow when temperature and moisture conditions are suitable or when their 
life histories provide. Insectivorous birds find an abundant supply of insect 
food and in the northward migration, they flock into Zion Canyon as if into 
a funnel. 

All through the spring, amphibian eggs are deposited in the ponds and 
streams and develop into tadpoles. Terrestrial snails feeding among the 
ground litter find optimum conditions during the spring before the litter dries 
out too much. \Vhen too dry, they retreat into their shells for protection 
from dessication and spend long periods in rest. The millipedes also find 
optimum conditions during the spring while the litter 1s moist, but descend 
underground when dessication threatens. 

Not only do the visible plants and animals of the surface take on this 
spring recrudescence, but also a subsoil flora and fauna. The moist soil 
and optimum temperatures provide suitable conditions for subsoil fungus 
growth upon dead roots of plants extending long distances down into the 
soil. This fungus growth furnishes a suitable supply of food for certain 
groups of insect larvae, notably of the beetles of the family Tenebrionidae 
and of the fungus-eating flies of the family J/ycetophilidae. Larvae of the 
beetles of the family Staphylinidae follow these flies as predators into their 
underground haunts. 

Species that feed upon live roots are also numerous. Such forms include 
ten known species among the click beetles, Elateridac, one species of Lu- 
canidae, fourteen species of the June beetles Scarabeidae, and five species of 
Cicadidae. Predaceous forms also occur, outstanding groups of which are 
the larvae of the Asilidae, (robber-flies), and the Bombyliidae (Bee-flies), 
which are free ranging subterranean feeding upon the other subterranean 
forms, particularly the vegetarians. 

With the arrival of the summer drouth, the passing of the annual plants 
removes their roots as a source of food supply for live-root feeding larvae. 
The parching of the soil, together with high soil temperatures produces ad- 
verse conditions for the subterranean fungus growth. With this diminution 
in the supply of subterranean food, many of the insects go into pupation. 


Some of them, notably the Tenebrionidae (some of them take more than one 


vear), soon emerge as adult insects and add to the already numerous popula- 
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tion. Others, notably the Scarabeidae, await the arrival of the summer rains 
and emerge when moisture arrives to aid the transformation. This adds 
another wave to the insect population, and helps to bring it to the high peak 


of the season in late summer. 


Koop CycLtEs—l oop SUCCESSION 


It is a well known fact that (with possible slight exceptions) the green 
plants are the manufacturers of the basic foods for all the rest of the biotic 
organisms. The main currents of food succession (food cycles) are also 
pretty definitely determined. It remains to be pointed out here the particular 
routes of the important cvcles as they occur in the area under consideration. 

The main currents go, as usual, from the green plants to the vegetarians 
and thence to the carnivorous forms and the parasites. The green plants in 
clude more than twenty species of algae and some 340 species of higher 
plants, involving a great variety of types and forms, and furnishing an 
abundant variety of basic food suitable for many different kinds of animals 
and parasitic plants. The known parasitic plants, exclusive of the fungi, are 
of but small significance as compared with animals. The known forms in- 
clude the following: 

Comandra palitda A.DC. .......2.605se5ees 


no et \ root parasite 


Phoradendrum jJuniperinum Engelm...... RA Te Wes hn mere Juniper Mistletor 
Rasoumoysreya dtvarcata: (Engel. )':....0.04 6.0.24 0decnc es ....-Pinyon Mistletoc 
TANG MSE CIES OIE CHAS OUIE A oie oo he ck Haw edad Se WIS eA aeo ee fas aholic, seeravaraton’ Dodder 
Orobanche coopert (Gray PP k cs aol odat came ten .... Broomrape, Parasitic on oak roots 


The remains of plants, particularly dead logs and leaves, which may be 
referred to collectively as ground litter, furnish a source of nutriment to a 
group of snails including 14 species, to millipeds of three species, to one 
crustacean, the pillbug, and to fungi of several kinds. The snails show con 
siderable variability in their humidity requirements, ranging from moist 
shady conditions with little or no danger of dessication to conditions of 
moderate drouth and considerable dessication among dry leaves that are 
moistened for short periods only during times of precipitation. Under these 
conditions, the dessication resistance of the various species appears to be the 
limiting factor of distribution among those areas where the proper food 1s 
available. They are almost entirely restricted to the communities of the 
deciduous chaparral and deciduous forest, being practically excluded from 
the scrub conifers and desert scrub. 

The millipedes are also restricted by moisture requirements. They are not 
found where too much dessication occurs and consequently are limited to 
those areas containing enough ground litter to insure a perpetually moist 
environment. During drv spells, they often descend considerable distance 
into the soil to secure the proper moisture equilibrium. 


The algae as a group are the primary source of food supply for certain 
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MAIN CURRENTS OF FOOD SUCCESSION 
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Fic. 28. The arrows indicate the direction of food transfer. No attempt is made 
to show food relationships within each group, nor the lesser currents of food transfer. 
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groups of aquatic animals. These include two crustaceans, the larvae 0% 


certain aquatic insects notably mosquitoes and caddice flies (Ilelicopsyche ), 
two species of snails, the tadpoles of five species of amphibians, and one or 
two species of fish. The algae are limited to aquatic situations and are 
greatly restricted by the scouring action of floods in the larger of the water- 
courses, so that the chief sources of algal growth are in the water trickles, 
the quiet pools and the small streams in which the scouring action is small. 

These algae feeders are distributed in the aquatic habitats largely in 
accordance with their ability to resist the movement of water currents. The 
Zion snail, Petrophysa sionis (Pilsbry), inhabits the trickling water situations 
on the faces of the cliffs where it has a firm substratum to which it may cling 
to resist the movement of the trickling water and occasional floods. Certain 
of the insects, the crustaceans, and the snail, Gyraulus vermicularis (Gould), 
are pond occupants where there is little danger of movement of water cur- 
rents. The tadpoles occupy pools or slowly moving streams whereas the fish 
occupy all of the longer streams with stronger currents. In those small 
streams where both fish and tadpoles abound together, ] have seen floods 
clean out the tadpole population but leave the fish. 

The insects represent by far the most numerous group, both as to species 
and numbers represented in the canyon. ‘The list of beetles alone (Tanner, 
1928) contains 248 species. While this is the only order in which anything 
like a comprehensive list is available, a conservative estimate would indicate 
a total of not less than 1000 species of all kinds, perhaps many more than that. 

Among the vegetarian insects which have great diversity of form, func 
tion and habit, may be found types that feed upon practically every species 
of plant and that utilize practically every part—roots, stems, leaves, flowers 
and seeds. They represent by far the most important group of animals that 
transform vegetation of practically all kinds into animal products. 

These are the forms that are so damaging to vegetation when, released 
from strict natural control, they multiply rapidly and become too numerous. 
examples are not wanting of devastation caused by abnormal numbers. — In 
1928, 29, 30, and 31, great damage was done to the ash trees, /ra.vinus 
coriacea S. WWats., by the caterpillar of an undetermined moth, which evidently 
reached its climax about 1929-30 when many of the trees were completels 
defoliated soon after the trees reached their first full foliage. Here, as els 
where, there is the ever present menace of the outbreaks of plagues of 
vegetarian insects. 

The vegetarians are preyed upon by the predaceous and parasitic insect 
forms, which add much to the already great diversity among the species and 
help to keep numbers limited. However, these are not sufficient to control 
the vegetarians. The whole group furnishes a nutritious and abundant 


supply of food for certain other groups of animals, many of whom depend 
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almost entirely upon insects for their food supply and aid in keeping the 
numbers reduced. This group includes spiders, scorpions, centipedes, fish, 
amphibians, lizards, birds, bats, rodents and carnivores. 

The spiders and their relatives, the scorpions and centipedes, are almost 
exclusively insectivorous, but some of them, in turn, fall prey to certain of 
the insects, notably the spider wasps, Psammocharidae, the muddaubers, 
Sceliphron, and wasps of the genus Chlorion. There are some fifty to sixty 
species of spiders divided among thirteen families known to occur in Zion 
Canyon (Chamberlin & Woodbury, 1929). Those of the sedentary spiders 
that spin webs and lie in wait for their prey to fall into these traps, depend 
for food upon those insects that chance brings to their restricted domain of 
web. These include members of the families Dictynidae, Theridtidae, and 
Linyphiidae which mostly spin small irregular webs among the brush, the 
family 4rgiopidae which spin regular well organized orb-webs, and the family 
Agalenidae which build funnel webs that are tised primarily as indicators of 
the approach of prey rather than as traps. Certain of the crab spiders, 
Thomisidaec, lie in wait without webs in flowers and seize flower-visiting 
insects. 

Many of the balance of the spiders seek their prey by stalking or chasing, 
some of them (Lycosidae) being very active and possessing good vision. The 
group includes the families Lycosidae (wolf spiders), Salticidae (jumping 
spiders), Guaphosidae, Theraphosidae (tarantulas), most of the Clubionidae, 
the subfamily Philodrominae of the family Thomisidae, and others of lesser 
importance. 

The centipedes (five species) and the scorpions (two species) are pri- 
marily nocturnal surface feeders upon insects and usually hide during the 
daytime under rocks, logs or trash. 

The adult amphibians (five species ) are almost entirely insectivorous, even 
though the tadpoles are nearly exclusively algal feeders. The leopard frog 
and the tree frog inhabit situations close to the water so that they feed largely 
upon aquatic insects or those brought near the water from other sources. 
The two toads and sometimes even the salamander are found among the 
terrestrial vegetation feeding upon terrestrial insects. 

Among the lizards, eleven species are primarily insectivorous but also 
take spiders when available (Gertsch, W. J. & L. A. Woodbury, 1930). A 
twelfth species, the chuckwalla, Sauwromalus obesus (Baird), is herbivorous. 
Certain of the insectivorous species may vary the diet by taking other forms 
of food occasionally, e.g., the ring-necked lizard, Crotaphytus collaris baileyi 
(Stejneger), which is sometimes cannibalistic. The lizards usually have a 
restricted range of a few rods or more, depending largely upon the species, 
in which they hunt or chase their food and thus depend for their food supply 


upon the insects that happen to be in their particular localities. 
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The bats, being nocturnal and aerial in seeking their food supply, feed 
largely upon those insects that are abroad in the air at night. They evidently 
obtain a rich harvest in the canyon, for the bats are, relatively speaking, very 
numerous on a summer evening. 

Among the birds, the majority of the ninety species listed as occurring in 
Zion Canyon, are either chiefly insectivorous or use insects to form a consid- 
erable part of the diet. Their extreme mobility makes possible the occupancy 
of a great variety of habitat niches so that they hunt for their food in almost 
every conceivable place where insects occur, except underground below the 
reach of the bill. They even visit the faces of the cliffs where many of the 
other vertebrates are excluded. The numerous species and the many niches 
occupied together with the fact that they consume immense numbers of insects 
makes the birds as a group of foremost importance as reducers of insect 
numbers, 

The complications arising in the consideration of the problem of food 
succession among the birds makes the analysis difficult, not only because of 
the great variety of food, coupled with their migratory habits but also because 
of successive changes in food habits at different seasons of the vear. The 
role of the vegetarian bird in Zion Canyon is very meagre in the spring and 
summer when seeds are scarce and insects very abundant, e.g., the Rocky 
Mountain black-headed grosbeak which takes a considerable proportion of 
insects at this time of the year. Later in the season, when more seeds and 
fruits develop, even some of the insectivorous forms occasionally utilize them, 
e.g., the long-tailed chat which I have observed take the berries of the squaw 
bush, Rhus trilobata Nutt. 

The mammals are better represented among the vegetarians. There are 
nine species of rodents and two species of ungulates which may be placed in 
this group. The rodents are probably second in importance to the insects as 
transformers of vegetation into animal products. They thus furnish an 
abundant supply of food for certain carnivorous groups, principally snakes, 
carnivorous birds, and the carnivores among mammals. Some of the rodents 
(gophers) are subterranean, feeding largely upon the roots of plants although 
they sometimes utilize other parts by cutting off the root and pulling the 
entire plant into the burrow. The majority of the rodents, however, use 
underground burrows for retreats and breeding places and forage for their 
food above the surface. They feed largely upon fruit, seeds and tender 
vegetation. The exception here is the porcupine which, having a protective 
armor of spines, has little use for burrows. It feeds largely on browse from 
shrubs and bushes and seldom resorts to the bark of conifers in the canyon 
where there is little snow to cover up other food, 

Of the two ungulates, the mountain sheep, Ozvis c. canadensis Shaw, 


occurs principally among the rough cliffs and rocky areas at the top of the 
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walls and seldom descends into the canyon depths. It is therefore of little 
importance in the area under consideration. The Rocky Mountain mule deer, 
O. hemionus macrotis (True), however, although few in numbers but large 
in size, is one of the important users of the plants as a direct source of food. 
Many of these animals range here the year round, although a few probably 
climb out of the canyon onto the plateaus in the summer and return for the 
winter. There have been counted at one time, 78 deer in the canyon and it 
has been estimated that there are about 200 living in the vicinity. They feed 
principally upon tender herbage, the browse from shrubs and bushes and 
fungi. 

The snakes derive their food from at least six different source groups and 
in turn fall prey to certain carnivorous birds and are parasitized by nema- 
todes. A part of the food consists of vegetarian animals from such groups 
as tadpoles, fish and rodents, but they also derive a large proportion from 
insectivorous animals, largely amphibians, lizards and birds. From this latter 
standpoint, they may be considered as secondarily carnivorous. 

The mammalian carnivores, although few in species and few in numbers, 
are nevertheless of considerable importance in the food succession current, 
both because they approach the end of the series and because they are im- 
portant in regulating the numbers of certain vegetarians, notably the rodents 
and the ungulates, the latter of which form the important food of the cougar. 
Insects also supply food to them. 

Internal parasites, particularly nematodes and tapeworms are undoubtedly 
of considerable importance in the food successions but are little studied in 
this area. I have found nematodes in both lizards and snakes. L. A. Wood- 
bury has found the nematode, Physaloptera retusa Rud., of the super-family 
Spiruroidea, in 5 out of 53 specimens of the lizard, Sceloporus g. graciosus 
(B.& G.). 

The external parasites are more commonly observed. They are of com- 
mon occurrence among the birds and mammals but I have found mites at- 
tached externally to lizards. 

When animals die, especially the vertebrates, unless otherwise disposed 
of, their bodies are nearly always utilized for food by other animals, chiefly 
carrion birds or carrion insects. Thus the edible material of the bodies is 
largely returned directly to the food chain cycle. 

The actual complexity of the food problem in nature is, of course, much 
more complicated than appears from this discussion or from the accompany- 
ing diagram. The main currents of food succession as outlined here deal 
primarily with the relations of the larger groups to one another and not to 
the relationships existing within the groups. If one should select a series 
showing the longest possible route of the food chain through successive groups 
of living organisms, seven steps might be shown, as illustrated by the fol- 
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lowing series: (1) green plants, (2) insects, (3) spiders, (4) lizards, (5) 


snakes, (6) carnivorous birds, and (7) parasites. 


BIOLOGICAL EVIDENCES 


There are certain biological lines of evidence which seem to be of sig- 
nificance in interpreting the theoretical history of the canyon, particularly 
when considered in connection with the geological evidence already pointed 
out. The geological evidence rests largely upon the relative position of the 
rock strata with reference to the breaks at the fault lines and the gaps where 
stream erosion is still at work. The evidence for the stream erosion origin 
of the gorge rests largely upon the potholes of stream origin perched upon 
the faces of the cliffs above the stream bed. The evidence for the trans- 
portation of materials from the canyon is found in the carrying capacity of 
the river today interpreted in the light of our knowledge of modifying fac- 
tors. ‘The evidence for the widening of the canyon comes from the under- 
mining activity of springs near the foot of the cliffs and from the various 
“successive steps” in the lengths of side canyons which become successively 
longer down the stream basin. 

Most of the springs issuing from the foot of the cliffs are found either 
in the narrower part of the main canyon or concentrated in side canyons. 
Many of these springs, especially those in the narrows, spread out over areas 
of rock, thus providing those situations suitable for the plant growth of the 
hanging gardens. The Zion snail, Petrophysa sionis (Pilsbry), occurs in 
such situations in the narrows. It is not known to occur in any other place. 
For a distance of approximately three miles at irregular intervals where con- 
ditions are suitable, it may be found on the faces of the cliffs in the small 
streams of trickling water, feeding upon the algae that grow there. 

It is in just such situations that the active travertine deposits are being 
built up, and the snails often occur among the algae that are being coated by 
the limestone. The area inhabited by the snails extends from some undeter- 
mined point in the extremely narrow part of the gorge downstream as far as 
a point known as the stadium, a half-mile below the narrows. That they 
formerly inhabited similar situations farther down stream is clearly indicated 
if not proven by the occurrence of dry travertine masses farther downstream 
still hanging on the faces of the cliff or in various stages of disintegration 
by erosion, at points where springs no longer flow. These detinite records 
of former algal growth clearly point to the past presence of habitats essen 
tially similar to those occupied today. It is reasonable to conclude that they 
were occupied by the snails. 

Since the snails do not now occupy similar habitats farther down in the 
sunnier, more open and less humid parts of the canyon where seepages do 


occur, it seems reasonable to conclude that they have been associated with the 
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narrow shaded part of the gorge, at least during the latter part of its develop- 
ment. This implies the movement of the snails upstream, keeping pace with 
the headward retreat of the narrows. 

This in turn leads to a question of origin, the answer to which must nec- 
essarily rest largely upon speculation with certain definite evidences to guide 
the trend of thought. Here is a P/iysoid snail much different in certain 
structural characters from any of its near relatives (Pilsbry, 1925). The 
foot is proportionally much larger and the spire much smaller than any of 
its kin. In fact, the spire is so small in proportion to the last large whorl 
that it is scarcely noticeable, so that its general appearance in its habitat is 
that of a hemispherical black dot about one-eighth inch in diameter. 

Hypothecating an ancestor of normal physid proportions living in the 
small stream before the uplift occurred which resulted in the formation of 
the canyon, a theoretical explanation of its development may be constructed. 
This theory which dovetails with and is supported by the theory of canyon 
development derived from geological evidence, is of significance in inter- 
preting the roles of isolation and natural selection in relation to the larger 
theory of organic evolution. 

With the development of the original gorge resulting from land uplift, 
the hypothetical ancestors were subjected to swifter stream action which 
carried abrasive sand and swept its algal food from the stream bed. The 
development of seeps and springs on the faces of the cliffs and the consequent 
algal growths, produced a substitute source of food supply and opened the 
way for them to climb onto the cliffs and abandon the sandswept river bed. 

The new habitat furnished an abundant supply of food, but subjected the 
snails to new dangers—that of falling from the cliff or being swept away by 
swift trickling water following the periodic downpours of rain. It is prob- 
able that those with the larger area of foot were better able to cling onto the 
wall and that those with the smaller spires were less often caught by trash 
or debris of the floods. The development of larger foot surface, necessitated 
larger shell to cover it when in retreat in the shell. The reduction in spire 
proportion would of necessity follow the enlargement of the foot provided 
that the extra size of foot was attained in the later stages of development. 
With isolation in a thus very specialized habitat and this sort of natural 
selection, there would be an active culling which would leave a larger and 
larger proportion of those with larger foot and smaller spire to reproduce 
and pass on those characters to the offspring. No attempt is made to ex- 
plain the origin of the variations which must have developed in this direction. 

The disproportion in size of the spire and foot may have been accom- 
plished by the excessive enlargement of the last whorl radially rather than 
axially in the late stages of development. Assuming that this enlargement 


originally developed in the adult stage and produced a ballooning of the last 
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Fic. 29. A cliff formerly undermined by seeping water, practically dry now. At 
the left is a mass of travertine hanging on a dry wall. Indicative of the former 


presence of hanging gardens. (Photo by U. S. Nat. Park Service.) 
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whorl, gradually restricting the primitive character to a progressive shorter 
and earlier period, we have an explanation to account for the extraordinary 
proportions and a suggestive method of adaptation by which the snails evolved 


to fit the conditions under which they were living. 


SUMMARY 


Zion Canyon had its origin in a deep narrow gorge first cut by the Virgin 
River some miles farther downstream during the early stages of uplift of the 
Markagunt Plateau. Land elevation totaling 6600 feet east of the Hurricane 
faultline gave the impetus necessary for the river cutting. [Erosive forces 
widened the gorge below while headward erosion continued to produce new 
gorge upstream, resulting in a slow movement of the canyon headward and 
leaving in the rear an ever-lengthening stretch of desert plain cut by the river 
and its fringing forest of deciduous trees. 

The evidence for such history of the canyon is largely geological. The 
differences in elevation of homologous strata on opposite sides of the fault 
are indicative of uplift. Gaps in homologous strata may be explained upon 
the basis of erosion. [Evidence for the stream erosion origin of the gorges 
is found in the potholes perched on the face of the cliff above the stream 
bed. The weathering of the cliff faces and the intermittent falling of bould- 
ers indicate lateral recession. Springs at work at the base of the cliffs shal- 
ing off disintegrated material thus undermining the cliff and forming arches 
that eventually work their way to the top, when considered together with the 
successive elongation of side canyons farther down the stream basin, furnish 
models of successive steps in an unique method of side-canyon development. 

With the movement of the canyon headward, new sources of underground 
water are tapped and the underground reservoirs drain out farther upstream, 
thus withdrawing water from springs below, causing them to dry up. Springs 
are also concentrated in side canyons in a similar manner. Competition 
among side-canyons results in dominance of some which may ultimately be- 
come larger tributaries to the river. Thus the idea of development so much 
sought in aquatic ecology may be applied in the case of this young and de- 
veloping river system. This leads to the idea of a biotic river formation 
equivalent to the terrestrial formations. 

The terrestrial formations are of four climatic types depending upon the 
amount of amelioration given to the local intrinsic desert climate by the walls 
of the canyon. That with most amelioration in the narrows produces con- 
iferous forest. In the more open parts of the canyon on protected slopes, 
next in amelioration, the deciduous chaparral is dominant, whereas on ex- 
posed slopes with little protection, the pigmy forest or scrub conifers are 
typical. On the plain below the mouth of the canyon, with amelioration re- 


duced to its lowest point, the desert scrub has possession. 
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These formation communities have been analyzed from the biotic stand- 
point in an attempt to discover the factors which control the niches of various 
types of organisms. The physiographic and climatic factors largely deter- 
mine the types of plants which can develop on an area. The dominant plants 
in conjunction with these climatic and physiographic conditions largely deter- 
mine the type of niches which animals may utilize. Different types of dom- 
inants are usually accompanied by distinctly different biotic trains. The ex- 
ceptions may be accounted for upon the basis of similarity of miches under 
different dominants or the ability of organisms to endure a wide range of 
conditions. 

In attempting to deal with biotic communities, difficulty was encountered 
in finding terms of biotic significance. Drawing freely from the fields of 
botany and zoology, nomenclature suitable for the wider field was suggested. 
This includes sets of terms suitable for use in analyzing communities trom 
several different standpoints. 

Applying to the biotic field the idea of development advocated by Clem- 
ents (1928) for plants, it was pointed out that some communities are fore- 
runners of others and thus of different rank. The bare clitfs are the begin- 
ning from which the various formations develop toward a climax, and the 
communities are classified in accordance with the position occupied in this 
scheme of development. The various factors producing bare areas were 
discussed. 

The movement of the canyon headward has caused a movement of the 
communities while keeping pace with the topography. Assuming that the 
formation communities first developed in the original canyon when the proper 
topographic conditions were evolved, they would then retain the same relative 
position in the canyon as it moved forward; coniferous forest in the narrows, 
chaparral and scrub conifers in the wider parts of the canyon on protected 
and exposed slopes respectively, desert scrub on the plain in the wake, and the 
river with its auxiliaries, especially its fringing deciduous forest, along the 
floor. 

Rhythmical phenomena of light, temperature and precipitation produce 
marked cyclical responses among the flora and fauna, Certain annuals, bien- 
nials and perennials fit their blooming periods into the moist periods of spring 
and fall. Most of the perenmals that bloom during midsummer are night 
blooming forms that thus avoid the intense heat of the summer sun. Many 
perennials well-supplied with subterranean water fit normally into the tem 
perature cycle. 

The principal animal cycles, especially the vegetarians, follow those of the 
plants. Most forms adjust to the winter cold by dormancy or migration 
(exceptions among the warm-blooded animals). The spring wave of vegeta 


tion is correlated with a wave of insects both terrestrial and subterranean 
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and these in turn with the revived activity of many dormant insectivorous 
forms such as lizards, spiders and bats and the return of migratory birds. A 
similar wave occurs in the fall before the insectivorous forms become dor- 
mant or migrate to the south. The drouth in summer is correlated with a 
reduction in numbers of birds by migration to the north. 

Since the food supply is one of the important items in determining the 
distribution of organisms, the main currents of food transfer between the 
larger groups were pointed out. While the food of green plants is derived 
from inorganic materials, all the balance of the biota must depend, either 
directly or indirectly, upon the organic products manufactured by them. The 
currents of the food transfer from organism to organism are very complex. 
Selecting the longest route through which the food passes from the plants 
through the various groups to the ultimate parasite, it was shown that seven 
successive steps are possible. 

The case of the Zion Snail, Petrophysa sionis (Pilsbry), was cited as an 
example of a form whose theoretical history corroborates the geological ev- 
idence for the parallel movement of communities with the headward move- 
ment of the canyon, and which shows strong theoretical probability that it 
has evolved to fit its new habitat on the canyon walls through the agency of 
natural selection. 
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THE VEGETATION AND HABITAT FACTORS 
Ok THE CARRIZO SANDS 
INTRODUCTION 





In an adequate interpretation of the vegetation of any region, it is neces- 
sary to obtain a broad perspective based upon an analysis of the habitat factors 
involved. This paper deals with the vegetation occupying a narrow strip of 
homogeneous soil which extends almost unbroken from Carrizo Springs on 


the Rio Grande four hundred and fifty miles northeast to Cass County thence 





Fic. 1. Sandjack (in front of figure) and post oak (right mid 
dle distance) on Carrizo in Freestone County. Sandjack here at 
tains its greatest height. Note the long straight trunk and the 
slender crown far over-topping the large post oak adjacent. 


southward to Nacogdoches. To the geologist, the strip is known as Carrizo 
sands; while by the Bureau of Soils, it 1s classed as Norfolk fine sand. Be- 
cause of its extensive length and its geographic trend, the area presents a 


great variety of climate. For example, in the northeastern portion precipita- 
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tion and humidity are high, while temperature and evaporation are low. 
Toward the southwest the trend of each of these factors is in the opposite 
direction. The fact that this strip of sand supports a uniformly mesic type 
of vegetation almost throughout its extent and that this vegetation penetrates 
farther southwestward upon Carrizo than upon any other geologic formation, 
suggests the hypothesis that Carrizo possesses an edaphic factor complex 
which largely offsets the influence of an increasingly xeric climate. The test- 
ing of this hypothesis by analyzing and comparing both the edaphic and the 
climatic factors constitutes the problem detailed in this paper. 

The soil consists of loose fine sand varying from one to several feet in 
depth. The surface is light gray in color in cultivated fields, but in wooded 
areas, due to the presence of larger quantities of organic matter, it is some- 
what darker. The subsoil is similar to the surface, somewhat loose and 
incoherent, oftentimes a gray fine sand, or frequently a varving mixture of 
sand and yellowish or reddish clay, in all cases highly pervious and retentive 


of water. It is geologically derived from deep beds of Eocene sand, and in 


many places still has the appearance of an ancient sand beach. The topography 


varies from almost level to gently rolling or hilly, thus providing ample 
drainage. 
REVIEW OF LITERATURE 

Attempts to explain the composition and distribution of vegetation had a 
comparatively early beginning. Comprehensive and conclusive analytic inves- 
tigations, however, were not effected until the early part of the present 
century. From that time progress has been rapid, the greatest contributions 
having been made during the past decade. 

Outstanding among early hypotheses explanatory of the distribution of 
vegetation are the specific chemical requirement hypothesis of Unger (1830) 
and the soil structure hypothesis of Thurman (1849). 

Cowles (1899, 1901, 1901la) proposed and developed his physiographic 
ecology hypothesis in a series of ecological studies centering about Chicago 
and Lake Michigan. 

Transeau (1905) defined four forest centers of eastern America. [ach 
formation, he says, is made up of many societies, having a definite successional 
relationship to one another, which being dependent upon soil factors may 
be best correlated with physiographic changes. In regions intermediate be- 
tween centers, the local order of succession 1s made up of societies from each 
of the adjoining formations. It was found that if the ratios produced by 
dividing the amount of rainfall by the depth of evaporation for a given station, 
he plotted on a map they exhibit climatic centers which correspond in general 
with the centers of plant distribution. Furthermore, the distribution of 
erass-land, prairie, open forest, and dense forest regions is clearly indicated. 


This he explained by pointing out that rainfall-evaporation ratios involve 
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four climatic factors which are of the greatest importance to plant life, viz.. 
temperature, relative humidity, wind velocity and rainfall. 

Bray (1906) sought to give the general distribution and adaptation of 
the vegetation of Texas. Both climatic and edaphic factors were treated, 
but no definite or specific conclusions were drawn as to the weight of the 
individual factors. 





Fic. 2. Post oak (immediately beyond figure), hickory (in 
front of figure), blackjack (left), sandjack (right) on Carrizo in 
Freestone County. 

Warming (1909) discussed the importance of light and heat in relation 
to plants, placing emphasis upon the latter factor. \With respect to light he 
enumerated the various ways in which radiation plaved a part, distinguished 
between sun-plants and shade-plants, and found light to be one of the most 
mnportant factors influencing transptration. 

Hilgard (1911) considered climatic factors more important than edaphic 
ones. He stated, however, that next to climatic conditions, chief among which 
are temperature and moisture, the physical and chemical nature of the soil 
and subsoil are the most potent factors in determining the natural vegetation 


of any region. 
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Shimek (1911) endeavoring to account for the presence of prairies in 
Iowa concluded that exposure to evaporation as determined by temperature, 
wind, and topography is the primary cause of the treelessness of the prairies. 
His investigation led him to conclude that the prairie flora persists on the 
exposed areas because it is xerophytic. He concluded, furthermore, that 
rainfall and drainage, while of importance because determining the available 
supply of water in both soil and air, are not a general, determining cause, 
both frequently being equal on contiguous forested and prairie areas; and 
finally, that soils and geologic formations are of value only in so far as they 
affect conservation of water, the porosity of the former determining its power 
of holding moisture, and the latter often determining topography. 

Fuller (1914) was convinced that evaporation and soil moisture bear a 
definite relation to vegetational succession. He found that ratios between 
evaporation and growth-water in the beech-maple forest, oak-hickory forest, 
oak dune, pine dune, and cottonwood dune associations have been shown to 
have comparative values of 100, 65, 20, 17 and 15 respectively, and the dif- 
ferences thus indicated are seemingly sufficient to be effective factors in 
causing succession. These comparative values of the moisture factors show 
such a surprising rate of increase as one proceeds from the pioneer to the 
climax association that Fuller thinks it cannot be doubted such a change in 
water conditions must be one of the chief factors, if not the most important 
cause, of the succession of associations from the more xeric to the more 
mesic. 

Weaver (1914) showed that there is a definite relation between evapora- 
tion and plant succession in southeastern Washington and adjacent Idaho. 
The great amount of evaporation in the earlier stages of succession seemed a 
sufficient cause for the xeric character of the vegetation. In his judgment a 
study of the differences of the rates of evaporation in the various plant 
formations and associations showed conclusively that these differences are 
sufficient to be important factors in causing succession, at least through the 
earlier stages, where light values are usually high. 

Clements (1916) regards “the nature of the climax as the final condition 
of the vegetation of a climatic region through a climatic period” (p. 177). 
The latter he defines (p. 126) as ‘‘a natural area in which the essential climatic 
relations are similar or identical.” Re-emphasizing this view, Clements (1919, 
p. 105) states that “plant formations . . . are the product of climate and are 
controlled by it. . . . The climate is the cause, the climax the effect.” 

3raun (1916) concluded that the plant formations of the Cincinnati region 
are closely related to its topography. Each of the four principal topographic 
exhibits its own plant 





areas—uplands, slopes, flood plains, and terraces 
associations which she concluded are dependent primarily upon topography 


and its changes, and only secondarily, upon the soil. 
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Pearson (1920) determined some of the factors controlling the distribu- 
tion of forest types in the San Francisco Mountains of Arizona. Data which 
he obtained indicate that the upper limits of all the forest types are determined 
primarily by low temperature as related to photosynthesis, and that the lower 
limits are determined primarily by deficient moisture supply. Low soil 
temperature, by rendering the soil moisture unavailable to the roots, may 
under certain conditions as at timber line become the upper control; but, at 
least as far as reproduction is concerned, this is not believed to be a critical 
factor in this region, for the reason that in the high altitudes, the only places 


where long periods of continuously low soil temperature occur, transpiration 





Fic. 3. Growth habit of sandjack near its southwestern limit of distribution in 
Caldwell County. Compare the low habit with the lofty crown shown in the figure 


preceding. 





in seedlings is reduced to a negligible quantity by a deep snow cover.  Defi- 
cient moisture rather than high temperature is regarded as the lower control 
because observations supported by experimental data on nearly all of the 
species in this region indicate that when adequately supplied with moisture 
they are capable of enduring high temperatures far in excess of those which 
occur at the lower limits of their natural ranges. 

After a study of the distribution of vegetation in the United States as 
related to climatic conditions, Livingston and Shreve (1921) concluded that 
with respect to the generalized vegetation areas, one of the most clear-cut 
evidences of a fundamental correlation exists in the correspondence between 
the position of the vegetational boundaries and the position of the isoclimatic 
lines expressing certain values of the moisture ratio for the average frostless 
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season. They believe that the composite character of the moisture ratio, and 
the fact that it is derived from such an important group of climatic condi- 
tions, give it a value of the first rank in dealing with the physical conditions 
determining the distribution of vegetation. 

In correlating the forest vegetation of eastern Nebraska with environ- 
mental factors, Aikman (1927) concluded that the most important factors 
affecting the distribution and structure of forest communities are water con- 
tent of soil and light. 

The relation of organic matter and nitrogen content to series and type in 
virgin grassland soils was determined by Russell and McRuer (1927). Their 
evidence indicated that texture is the outstanding factor determining nitrogen 
content in any soil type, and all soil types exhibit considerable variation in 
texture, therefore they exhibit a corresponding variation in nitrogen content. 
Textural variations may be expressed numerically in terms of the hygroscopic 
coefficient, and a calculation of the ratio of hygroscopic coefficient to nitrogen 
provides a means of eliminating the textural effect on the content of the 
latter in virgin prairie soils, and hence makes possible a study of the distribu- 
tion of nitrogen in various series and types. It was further shown that in a 
series of homogeneous types, nitrogen content varies with the rainfall and 
with topography, level types containing more nitrogen than rolling types 
under the same precipitation, probably because of a difference in the effective 
ness of rainfall in such cases. These same conclusions may be applied to 
organic matter as well, for the two constituents bear a fairly constant ratio 
to each other both in extremes of rainfall and of texture. 

Sraun (1928) found that the most striking correlation between vegetation 
and any environmental feature of the Mineral Springs region, Ohio, is the 
relation of plant communities to underlying rock. The physical and chemical 
properties of the soils such as the available water, the colloidal content, the 
H-ion, and perhaps, indirectly, the nitrogen content are affected by or are 
derivatives of the original rock materials. In her judgment the combined 
climatic, edaphic, and biotic factors have considerable influence, but the con- 
trolling factor in local associational distribution is the nature of the rock from 
which the soil is derived. 

Bruner (1931) gave an excellent description of the vegetation of Okla- 
homa together with an able discussion of the environmental factors concerned. 
\Water content, humidity, light, temperature, soil texture, wind, and evapora- 
tion have a definite relation to the vegetation investigated. He concluded, 
however, that precipitation 1s the most important environmental factor in this 
region. The distribution of the various plant formations and associations, 
he savs, depends in the main upon this climatic factor. 

Cuyler (1931) published the results of a brief study of vegetation as an 
indicator of geologic formations in Texas. \Voody vegetation particularly, 
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he concluded, tends to change discernibly with each change in geologic forma- 
tion in the vicinity of Austin, Texas. 

Wells and Shunk (1931) discussed the vegetation and habitat factors of 
the coarser sands of the North Carolina Coastal Plain showing the establish- 
ment of a relation between the nutrient content and available soil water which 
they think is of major importance. The low capillarity of the sandy soils 


during drouth periods necessitates continual root growth to reach newer 


supplies of water. Such growth is inhibited in a very low nutrient soil habitat, 


hence the impossibility of the occurrence of mesic species. 

Cottle (1931) made a study of the grassland vegetation of an extensive 
portion of the Trans-Pecos region in southwestern Texas, with especial ref- 
erence to grazing. In considering the environmental factors, he concluded 
that the texture and structure of the soil in relation to their influence upon 
the absorption and retention of water are of major importance. 

Weaver and Himmel (1931) have submitted, in well summarized fashion, 
data on the environmental factors of unbroken upland and lowland prairies 
of Nebraska, covering the growing seasons for a period of twelve vears 
After calculating the relative influence of the several factors such as_ soil 
and air temperature, soil moisture, relative humidity, wind movement, and 
evaporating power of the air, they concluded that water-content of soil and 
| 


humidity are the master factors in the environment of the prairie. 


THE PROBLEM 


The literature just reviewed demonstrates the diversity in opinion among 


investigators as to the ecological factors dictating the type and composition 


ao 
~ 


of the vegetation of an area. If this diversity of opinion has any outstandin 
significance, it is that the solution of the various phases of the complex 
habitat-vegetation problem has not yet been conclusively demonstrated. The 
results of an additional bit of investigation are here offered in the hope that 
they may constitute additional evidence of some value as bearing upon the 
problem. This investigation has for its aim the explanation of the vegetation 
of the Carrizo sands by analysis of correlative habitat factors. The problem 
has restricted itself, first, toa mapping of the formation; second, to an analy 

sis of some of the important habitat factors; and third, to an attempt to 


interpret the vegetation in the light of these analyses. 


THE CARRIZO SANDS 


Among all environmental forces considered, the most important one atfect 
ing Carrizo sands vegetation is the geologic formation. The nature of the 
underlying rock determines the soil texture to which are directly related the 
water holding capacity, the hygroscopic coefficient, the wilting coefficient, 


surface evaporation, capillarity, porosity, and permeability. It is desirable, 
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therefore, to incorporate at this point a brief resume of the geographic extent 
and the geology of the Carrizo sands. 

Location and extent. Beginning at Carrizo Springs in Dimmit County 
and for the first hundred miles or so quite broken and interrupted, Carrizo 
sands extend in a general north-easterly direction, as has been stated, across 
parts of the following counties: Dimmit, Zavalla, Uvalde, Frio, Medina, 
Bexar, .\tascosa, Wilson, Guadalupe, Gonzales, Caldwell, Bastrop, Lee, 
Milam, Robertson, Leon, Freestone, Anderson, Henderson, Van Zandt, 
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Fic. 4. Post oak on Carrizo in Robertson County. U/mus alata 
in central middle distance. 
Smith, Wood, Franklin, Camp, Titus, Morris, and Cass, thence southward 
across Marion, Harrison, Gregg, Rusk, Panola, Nacogdoches, Shelby, San 
Augustine, and Sabine. Disregarding the southward dip from Cass County, 
Carrizo sands constitute an almost continuous strip approximately four hun- 
dred and fifty miles in length and varying from six to twelve miles in width. 
Other smaller disjunct outcrops, the result of faulting, are found near the 
area. The greatest interruption is constituted by the Reynosa gravels, these 
being the most prominent in Dimmit, Zavalla, Uvalde, Medina, and Frio 
Counties. The vegetation of Reynosa in these counties is thorny scrub 
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dominated by Acacia berlandicri, Acacia amentacea, Acacia tortuosa, and 
others. 

Name and lithology. Vhe Carrizo sands were originally described by 
Owen (1899). The name was used to designate the characteristic sands in 
the vicinity of Carrizo Springs. Subsequent studies by Vaughan (1900), 
Dumble (1903), Deussen (1914) and others, Ellisor (1929), Renick and 
Stenzel (1931), and Wendlandt and Knebel (1929) have elaborated and 
extended knowledge concerning this geologic formation, the latest publication 
(Renick and Stenzel) on it having appeared in 1931. 

soth earlier and later geologists are well agreed upon the lithology of the 
Carrizo formation. The beds have been described as comprising sandstones 
of varying color, texture, and thickness. The prevailing color is grayish- 
vellow, weathering light brown. Some of the beds are white when freshly 
broken, and yield a fine-textured, clean, white, micaceous sand. Others are 
cross-bedded and calcareous in places. The loose, pervious, and friable nature 
is a remarkably uniform feature throughout the entire area. 

Thickness and dip. In the Nueces drainage area, Deussen (1924) has 
estimated the Carrizo sandstone as having a thickness of approximately four 
hundred and fifty feet. and as having only a very gentle dip to the east and 
southeast. On the Colorado River, he gives its thickness as approximately 
two hundred feet, and the dip southeastward, fifty to seventy feet to the mile. 

Renick and Stenzel (1931) give the thickness of Carrizo sandstone in 
Robertson and Milam counties as varying from one hundred to one hundred 
and thirty feet. 

Carrizo of east Texas is described by Wendlandt and Knebel (1929) as 
ranging from ten to sixty feet in thickness. 
ConTiGuous FORMATIONS 

In order to compare Carrizo sands and Carrizo vegetation with the soil 
and vegetation of contiguous formations, it has been necessary to study the 
Wilcox, Mount Selman, and Reynosa formations. In certain points the 
vegetation has proved different, changes having been noted with changes in 
geologic formations. Luithological evidence which accounts for the differences 
is here reviewed from work of geologists. 

Wilcox. Deussen (1924) describes the Wilcox deposits west of the 
Brazos River as lying conformably above the Midway formation and uncon- 
formably beneath the Mount Selman. 

Mount Selman, Deussen (1924) in describing the geology of the Coastal 
Plain of Texas west of the Brazos River gives the stratigraphic position of 
the Mount Selman formation as Iving unconformably above the Carrizo 
sandstone and conformably below the Cook Mountain. He describes Mount 
Selman as consisting of dark-green, brown and vellow sandstone, lenses of 


lignite and clay, beds and concretions of limonite. ‘The formation as a whole 
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is notably ferruginous. In their description of the ower Claiborne of east 
Texas, \Wendlandt and Knebel (1929) have divided Mount Selman into four 
members. They place Carrizo as the basal member lying unconformably 
above the Wilcox. Geographically, the three uppermost members of Mount 
Selman lie to the southeast of Carrizo. 

Reynosa. According to Deussen (1924) the upstream Reynosa deposits 
lie unconformably on beds ranging in age from Upper Cretaceous to middle 
Pliocene. They are in general not covered by later deposits, and their strati- 





Fic. 5. Blackjack on Carrizo in Robertson County. 


graphic position is probably at the top of the Pliocene. Gravel is the char- 
The pebbles of the gravel range 


in diameter from one to five and six inches; the smaller cobbles are usually 


1c larger fragments are angular, though their 


acteristic material of these Reynosa deposits. 


well rounded, but most of tl 
edges are slightly rounded. The composition of the gravel is variable. In 
the Guadalupe and Nueces drainage basins it consists largely of brown, gray, 
and black flint, and at many places it is cemented with lime to form a con- 


glomerate. .\t other places, however, the lime may be lacking. In the Brazos, 
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Colorado, and Rio Grande drainage basins and in a part of the Guadalupe 
Basin the pebbles consist largely of quartz, flint, jasper, chert, orthoclase, 
granite, and silicified wood. The bedding of Reynosa is extremely irregular. 
small ridges and knolls are capped with the limestone, and the intervening 
depressions are occupied by red or brown loam. Geographically, Reynosa 1s 
found disturbing the continuity of Wilcox, Carrizo, and Mount Selman 
formations. This is especially noteworthy in the Coastal Plain west of the 
Brazos River. 
Fretp Work 

The field work was done during the spring and summer of 1931, the 
spring lending itself to the shorter trips and the summer to the longer ones. 
The vegetation of Bastrop, Caldwell, Gonzales, and Guadalupe counties was 
studied both intensively and extensively throughout the entire growing season. 
What is known as the Sand Hill country in Caldwell County, a most excellent 
example of representative Carrizo sands vegetation, was worked more in- 
tensively than any other locality. 

During the summer, the field work was confined to studies and mapping 
of the more extended portions of Carrizo sands. In the selection of the 
necessary routes of travel, the vegetation and surface features served as the 
chief guiding criteria. With these in mind, the procedure consisted of 
zigzaging back and forth across Carrizo, picking the contacts, analyzing the 
vegetation, and taking soil and subsoil samples from Carrizo, Wilcox, and 
Mount Selman. 

-quipment for collection and identification of plants, excavating tools, 
soil containers, and photographic apparatus constituted the principal working 
paraphernalia. The resulting data consisted of notes of an analytical nature, 
one hundred and fourteen soil samples of approximately one gallon each, and 
numerous photographs. 

‘rom the resulting field notes on the outcrops and contacts of Carrizo, it 
has been possible to outline, at least approximately, the geographic position 
of the formation (Fig. 6). 

IepAPHIC FACTORS 

The experimental part of this problem consisted mainly of an analysis 
of the factors involved in the collected soils. As previously stated. the 
samples were taken from both the surface and subsurface at points along 
Wilcox, Carrizo, and the upper members of Mount Selman. The surface 
samples were taken from one to three inch depth; while the subsurface ones 
were taken from a depth of one to two feet. Seven to ten pounds of soil com 
prised each sample. These were brought to the laboratory in paper bags, 
and there transferred to waxed ice cream cartons of one-gallon capacity. 
Since a great deal of handling was necessary, the light, durable cartons proved 


quite convenient. 
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Methods. Mechanical analyses of the soils were made by first separating 
the larger particles by means of standard sieves, and then the smaller particles 
by sedimentation and decantation. Standard laboratory methods were pur- 
sued in making quantitative determinations of water holding capacity, hygro- 
scopic coefficient, wilting coefficient, daily surface evaporation, and H-ion 
concentration of one hundred and fourteen samples. Mechanical composition 
determinations were made of a representative number. No chemical analyses 
were necessary, those published by the Department of Soil Chemistry at the 
Agricultural and Mechanical College of Texas being adequate. 
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Fic. 6. Map indicating the eendetile distribution of Carrizo Sands. The Mount 
Selman and the Wilcox, lying respectively above and below the Carrizo, are shown 
correctly as to contact but not as to width. The Reynosa gravels, widely scattered, 
greatly interrupt the continuity of the Carrizo toward its southwestern extremity. 


Methods for obtaining data on water holding capacity and hygroscopic 
coefficient were those by Weaver and Clements (1929) the wilting coefficient 
was determined by the direct wax-seal method of Briggs and Shantz (1912). 
The sunflower (Helianthus annuus) was selected for wilting coefficient de- 
Seeds were planted directly in glass tumblers, and when the 


terminations. 
plants had started vigorous growth, the number was thinned down to two, 


and the soil surface sealed with paraffin. Extreme care was exercised in the 
watering of the seedlings in order to prevent aeration interference through 
water-logging of the soil. To prevent paraffin injury to the plant, the soil 
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was elevated slightly and molded firmly around the stem. Control exper- 
iments proved that the loss of moisture through the molded soil around the 
plant stem was negligible and came within the limit of experimental error. 

Rates of evaporation from the soils indicating natural mulching effective- 
ness were obtained as follows: Stoppered uniform-sized soil chimneys were 
nearly filled with equal volumes of soil. Sufficient water was added to fill 
all air spaces completely, bringing the water surface exactly to the surface 
of the soil. The drips were then opened and the surplus water allowed to 


drain away. \When the dripping had ceased, stoppers were replaced in the 
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Fic. 7. Daily evaporation in grams for surface samples: Wilcox, continuous line ; 
Carrizo, broken line; Mount Selman, dotted line. 

drip openings. Each chimney with soil was weighed and set aside in the 
open laboratory. Daily weighings were made and the weights recorded. 
When evaporation had practically ceased, computations were made of the 
average daily water loss in grams for each soil. The time required for the 
cessation of water loss from the soil columns in chimneys having a depth of 
five inches ranged from twenty-five to thirty-five days. The noon relative 
humidity value for each day of the period over which the evaporation tests 
were conducted was obtained from the United States Weather Bureau station 
records in Austin. Atmospheric conditions according to these records were 
exceptionally uniform over the period during which these tests were run. 

















262 





JAmes LB. McBryde 


Ol. de 


Ecological Monographs 
: No. 2 


This is particularly true of relative humidity, the most important factor in 
evaporation. Curves representing evaporation rates and relative humidity 
values are shown. (Figures 7 and 8). 

Hydrogen-ion determinations were made by the electrical conductivity 
method, using a quinhydrone electrode. In all tests a 1:5 soil-water mixture 
Was used. 


1 
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A summary of results obtained for the five last mentioned factors is given 


in Tables II-VII. 
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Fic. 8. Daily evaporation in grams for subsurface samples: Wilcox, continuous 
line; Carrizo, broken line; Mount Selman, dotted line. 
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Mechanical composition. Analyses of both surface and subsurface soils 





were made using twenty-six Carrizo samples, and six each of \WVilcox and 





Mount Selman. Results indicate that this number is amply sufficient to 





warrant conclusions relative to this factor. Table I shows percentages 





obtained in each analysis. 





The analyses of Carrizo sands samples show a rather high percentage of 





fine sand, both in the surface and subsurface. The range is from forty-five 





to slightly above sixty per cent. The majority of samples are uniform in 





this constituent, averaging around fifty-eight per cent. Medium sand and 





very fine sand are almost equal, percentages varying from ten to twenty-five. 





Silt constitutes approximately five, and clay approximately three per cent. 
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A few analyses show that fine gravel constitutes as much as one per cent of 
the sample. A significant feature is the remarkable uniformity of each soil 
fraction throughout surface and subsurface. 


K 


Analyses show little variation in the soil texture of Mount Selman from 
that of Wilcox. Considerable differences are noted, however, between either 
of these and Carrizo. The most significant differences are found among the 
percentages of medium, fine, and very fine sand, silt and clay. Mount Sel 
man and Wilcox have much lower percentages of medium and fine sand, and 


much higher percentages of very fine sand, silt, and clay than Carrizo. Varia 


TABLE I. Summary of Mechanical Composition—1, Surface; 2, Subsurface. 











Very 
No. line Coarse |Medtun Hine Mit Silt Clay 
Gravel Sand Sand Sand San 

Carrizo SANDS 

26 Samples 
Maximum... | 3.84 17.11 28.48 69.05 30.32 9.10 5.20 
Minimum....... I .06 .29 4.89 40.05 12.88 .48 Bl i: 
Average l rx 5.24 14.35 55.6] 18.56 3.29 eee. 
Maximum. Z 2.14 9.91 27.34 66.86 24.82 9.92 9.82 
Minimum... 2 0] 30 3.98 43.26 11.98 1.98 1.19 
Average 2 .40 3.02 fhedks 54.94 7.25 6.89 5.65 
WILcox 

6 Samples 
Maximum | 82 2536 4.94 53.28 48.94 26.82 13.81 
Minimum... | mF, .63 1.92 2-22 16,322 17.64 5.24 
Average | 6 Hs 3: 2.93 34.29 30.71 21.06 8.24 
Maximum 2 234 1.32 2.84 29-22 38.42 24.62 33.42 
Minimum..... 2 .03 A .63 8.93 17.71 19.26 15.46 
Average 2 mug 54 1.85 20.19 28.76 22.88 24.42 
Mount SELMAN 

6 Samples 
Maximum = | 2.12 9.86 22.34 $3.20 40.41 22.24 11.02 
Minimum...... l Rh 1303 92 22.32 10.24 9.72 4.12 
Average l 1.44 3.58 6.99 31.98 28.73 18.11 7.28 
Maximum 2 1.24 8.62 18. 2+ 34.88 34.29 24.60 31.11 
Minimum........ 2 .O1 .O8 92 13.62 8.46 14.26 15.48 
Average 2 .62 Sans 5.87 24.17 24.68 20.56 2 ek3 





tions from surface to subsurface in all of these fractions are more greatly 
marked in Mount Selman and Wilcox. .\ uniformity of percentages for the 
soil fractions within Mount Selman and Wilcox is characteristic, but not 
as strikingly so as in Carrizo sands. 

Water holding capacity. Inspection of Tables LI-VI1, inclusive, shows 
relative values for water holding capacity of the various soils examined. Per 
centages are particularly uniform within each group, but variable between 
groups. The average for this factor is lowest in Carrizo, the surface being 


26.16 per cent, and the subsurface 43.84 per cent. Mount Selman surface 
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has an average of 32.17 per cent, while the subsurface has a value of 54.59 per 


cent. 


With an average value of 35.19 per 


cent for the surface, and 55.66 per 


cent for the subsurface, Wilcox soils show the highest water holding capacity. 


Among the Carrizo subsurface are three 


values which agree with those of the surface sands. 


for the low average for Carrizo subsurfaces. 


TABLE IT. 





Soil Factors—Carriso 


samples of sand, and these show 


These account, in part, 


Surface. 








County 


Harrison 
Wood..... 
Van Zandt. 
Henderson 
Nacogdoches 
Freestone. . 
Limestone 
Robertson 
Milam 
Lee. a hue 
Lee. > 


Bastrop 
Bastrop 
Bastrop 


Caldwell 
Caldwell 


Gonzales 
Guadalupe 


Wilson 
Atascosa 
Atascosa 
Medina 
Medina 
Medina 
Zavalla. 


Dimmit 


Location 


20 miles south of Marshall 

1 mile east of Mineola. 3 

West city limit of Ben Wheeler 

20 miles south of Athens 

2 miles south of Garrison 

2 miles northeast of Buffalo 

9 miles southeast of Groesbeck 

10 miles east of Hearne... . 

2.5 miles east of Milano 

Between Taylor and Lexington 

8 miles from McDade, Lexington 

Road. a . 

5 miles east of McDade 

miles east of McDade 

Pine Woods between Bastrop and 
Paige. 


_ 
ae 
) 
x 


Sand Hills, Caldwell County... .. 


4 miles west of Harwood 

1.5 miles north of Corner Filling 

Station. 

Between Sutherland Springs and 
Seguin 

miles south of Lavernia 

miles north of Leming 

miles south of Somerset 

miles north of Devine 

miles west of Devine 

mile south of Yancey 
.5 miles northeast of La Pryor 
1 mile south of Carrizo Springs 
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E = = 

= bo 

= d.8| 

12 | 7.38 
13 7.28 
13 7.16 
13 Fes 
15 6.97 
14 6.35 
13 1.28 
15 1.30 
13 7.45 
15 7.20 
14 7.20 
15 7.01 
14 6.96 
17 6.96 
e 6.97 
13 7 103 
16 1.10 
14 6.94 
16 6.60 
12 6.87 
14 6.99 
13 7.48 
15 1iao 
14 Tate 
14 | 7.94 
14 7.61 
14.19) 7.18 





Hygroscopic coefficient. 


Tabulations show 


values 


for the 


hygroscopic 


coefficient to be .94 per cent, and 7.62 per cent respectively for Carrizo surface 


and subsurface. 


— 


for Mount Selman; 2.57 per cent and 10.23 per cent for Wilcox. 


Corresponding values are 2.25 per cent and 8.36 per cent 


A majority 


of Carrizo sand surface samples showed less than one per cent, in some cases 


even less than 0.5 per cent, hygroscopic moisture ; the finer textured soils ran 


considerably higher. 
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TABLE III. Soil Factors—Carrizo Subsurface. 














is ‘ae [vs 
County Location 2 >| o 5 Hl 5 | oe Z 35 Z| pH 
29 SEe Seg Se Seg ee 
for) Rosie ales Wise 
Foca Moas cart v.ble o.5) 
Harrison... .| 20 miles south of Marshall ..|42.78 | 8.18 [10.21 | 7.00 | 15 7.03 
Wed. ..... 1 mile east of Mineola. . . .. [43.84 | 6.54 | 9.03 | 6.51 | 15 5.58 
Van Zandt. .| West city limit of Ben Wheeler 143.95 | 5.94 | 7.77 | 6.82 | 27 6.99 
Henderson. .| 20 miles south of Athens. . . 134.80 | 5.43 | 8.96 | 6.03 | 15 6.94 
Nacogdoches| 2 miles south of Garrison .|67.65 |16.09 |20.83 | 6.07 | 19 7.28 
Freestone. ..| 2 miles northeast of Buffalo........ 147.17 | 8.63 |11.49 | 6.17 | 13 6.69 
Limestone. ..| 9 miles southeast of Groesbeck 145.35 | 6.23 |10.58 | 4.96 | 11 6.86 
Robertson. ..| 10 miles east of Hearne. . 137.74 | 5.22 | 7.37 | 5.93 | 12 7.11 
Milam 2.5 miles east of Milano.......... 148.17 {12.40 |17.09 | 6.31 | 22 6.18 
Lee........| Between Taylor and Lexington. ..../65.77 |10.61 [16.12 | 6.72 | 20 aan 
Bastrop. 3.5 miles east of McDade (sand). . .|42.90 | 2.96 | 5.45 | 6.14 | 24 6.96 
Bastrop.....| 3 miles east of McDade...........|41.08 | 1.57 | 2.01 | 4.50 | 10 7.26 
Bastrop.....| Pine woods between Bastrop and | | 
Paige . Beis teeeeee. es. |57.04 112.86 116.03 | 7.51 24 6.94 
Caldwell. . Sand Hills, Caldwell County. . 58.84 [14.56 |19.21 | 6.06 | 16 | 6.96 
Caldwell. ...| 4 miles west of Harwood. 36.59 | 7.25 |10.62 | 6.44 | 22. | 6.92 
Gonzales....|} 1.5 miles north of Corner Filling | | 
SONU ioe cs hc cs casedcs ss cs. (SS. SP WEE 118.17 | 6.001 24 7.45 
Guadalupe. .| Between Sutherland Springs and | 
Seguin... i ener 38.68 | 6.44 | 9.99 | 6.65 | 22 | 7.20 
Wilson......|} 3 miles south of Lavernia........../47.36 8.28 {11.59 | 5.75 | 11 | 7.42 
Atascosa....| 6 miles north of Leming. se hon Se | 6.19 | 8.24 | 6.25 | 23 | 7.78 
Atascosa....| 3 miles south of Somerset (sand)... ./22.93 | .39 .47 | 5.64 | 14 | 6.96 
Atascosa....| 5 miles south of Somerset........../44.61 | 6.90 {10.33 | 6.44 | 15 7.25 
Medina..... 3 miles north of Devine (sand)... . .|20.21 1.01 | 1.40 | 4.66 | 15 feta 
Medina.....| 4 miles west of Devine........... 43.03 | 5.96 | 8.27 | 6.55 | 20 | 7.61 
Medina.....| 1 mile south of Yancey............ 126.02 |11.84 115.16 | 5.10 | 16 | 8.12 
Zavalla.....| 7.5 miles northwest of La Pryor... ./48.69 | 7.19 | 9.36 | 6.10 | 23 7.28 
Dimmit.....| 1 mile south of Carrizo Springs... . .|41.41 | 8.42 |11.19 | 4.48 | 13 7.81 
| Average a ee ee 143 84 | 7.62 (10265: | 6.08.) EF 673i 7253 


| | 





Wilting Cocfficient. In Tables II-VII it is shown that average wilting 
coefficients for surfaces are Carrizo 1.36 per cent. Mount Selman 3.53 per 
cent, and Wilcox 3.87 per cent; for subsurfaces Carrizo is 10.65 per cent, 
Mount Selman is 11.67 per cent, and Wilcox is 13.48 per cent. This co- 
efficient is small in the coarse-grained Carrizo sands, some of the individual 
samples showing less than one per cent. In the finer-textured soils of Wilcox 
and Mount Selman and in the clay subsurfaces of all three the value runs 
much higher, sometimes amounting to twenty per cent or more. This factor 
and the hygroscopic coefficient are in direct correlation with the maximum 
water holding capacity of these soils. Mount Selman and Wilcox samples 
have a comparatively high water holding capacity, and correspondingly high 
hygroscopic and wilting coefficients ; whereas Carrizo sand has a lower water 
holding capacity, and also lower hygroscopic and wilting coefficients. Carrizo 
surface samples show less variation in all three of these factors than anv 


other samples analyzed. 
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Taste IV. Soil Factors—Wilcox Surface. 
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Is = =e Toe | 
= eo » Io.S |e.8 | 
| County Location = ae 35 = bo, 0 = vs Z| as 2 pH 
ISOSISL SES vIFS slLES 
es Yl pte SEE YF GER oe 
SF Sei a Vel oel> SW ss x 0 
SSamceaes sie ssiesis 
Van Zandt. .| 1 mile east of Canton. 33.82 | 2.73 | 3.90 | 6.44 | 16 6.92 
Henderson. .| 1 mile east of Malakoff. . 30.06 | .98 | 1.32 | 6.42 | 15 .03 
Robertson...| 5 miles south of Bremond... . 34.17 | 2.03 | 2.92 | 6.34 | 15 7.53 
Milam...... | 2 miles west of Milano. 38.54 | 3.13 | 4.09 | 7.15 | 14 7.45 
Milam...... 4.5 miles north of Rockdale. . 37.55 1.2.51. | 3.90 | 6.47 | 12 7.41 
Bastrop..... | 2 miles west of McDade 35.25 | 2.21 | 3.83 | 6.05 | 13 ae 
Milam...... | 3.5 miles southeast of Salty 44.23 | 3.93 | 7.14 | 6.42 | 13 7.45 
Caldwell. ...| 10 miles southeast of Lockhart 40.38 | 4.85 | 6.28 | 6.15 | 14 7.61 
Caldwell....| 1.5 miles east of Luling... .. owspteeeee 1 2.76 1.3.76 16.77 | 12 7.40 
Caldwell... .| 4 miles southeast of Luling. .......|26.96 | 2.39 | 3.79 | 6.84 | 15 7.95 
Guadalupe. .| Between Sutherland Springs and | | | 
Seguin. .....:.» ee Sy.05° | 2.40 | 3.88 | 7363: | 17 7.48 
Wilson... .. 3 miles north of Lavernia 36.48 | 3.09 | 4.06 | 6.17 | 14 7.61 
Bexar......| .5 mile northeast of Thelma. . 36.45 | 1.92 | 3.83 | 6.70 | 15 7.42 
Atascosa....| 1 mile south of Lytle... .. 27.54 | 1.12 | 1.80 | 6.83 | 17. | 7.83 
Medina..... 2 miles east of Devine. 35.04 | 2.82 | 4.03 | 5.40} 15 7.93 
Average... 55.19 | 2.3/7 | 3287 | 6.52 | 14546) 7.50 
TABLE V. Soil Factors—IVilcox Subsurface. 
= .2 (sea [Se 
. ; . |e © 3.S 2.8 
County | Location = Pe!3.5 2] 5 ZI ye ZisaéZ pH 
IS oOVlS vo Evolsorsleos 
(220 See CSE CIS ALR AE 
FS ae/ ADEE OES Ss Wa x 
IS Shire gio gles sis ze 
Van Zandt. .| 1 mile east of Canton............. 62.52 [14.19 |24.42 | 6.75 | 12 | 7.03 
Henderson. .| 1 mile east of Malakoff............ 60.06 {11.98 {17.04 | 6.71 | 25 | 7.37 
Robertson...| 5 miles south of Bremond. ......../59.57 |10.32 |16.15 | 6.38 19 7.03 
Milam......| 2 miles west of Milano........... 64.08 12.82 |15.19 | 6.31 22 yey 
Milam......| 4.5 miles north of Rockdale | 
EE OE ere 42.78 | 6.86 | 7.13 | 6.29 22 7233 
Milam......) 4.5 miles north of Rockdale........ 43.34 | 9.57 |10.53 | 5.53 16 | 7.20 
Milam. ..../ 3.5 miles southeast of Salty........ 36.33 |14.49 |16.85 | 6.67 | 20 | 7.70 
Caldwell....| 10 miles southeast of Lockhart... ../57.02 |13.49 |13.12 | 6.28 22 | 7.78 
Caldwell. ...| 1.5 miles east of Luling... ........ 63.65 |11.84 {14.79 | 6.00 18 | 7.66 
Caldwell. ...| 4 miles southeast of Luling. ......./68.53 | 3.02 | 4.34 | 6.69 | 28 | 6.94 
Guadalupe. .} Between Sutherland Springs and 
BO Serer 66.23 {10.68 |17.87 | 6.31 | 17 | 7.42 
Wilson..... 3 miles north of Lavernia.......... 54.63 | 9.24 {11.84 | 6.24 | 17 | 7.37 
Bexar...... .5 mile northeast of Thelma......./50.85 [11.16 |14.09 | 5.85 | 20 | 7.56 
Atascosa....| 1 mile south of Lytle............. 50.15 | 5.55 | 7.44 | 6.06 | 19 | 7.28 
Medina.....} 2 miles east of Devine............ {55.18 | 8.26 |11.43 | 6.10 | 23 | 7.70 
| TS ee ee 55.66 [10.23 |13.48 | 6.28 | 20 | 7.39 





Surface evaporation. Results in Tables II-VII show that the average 


daily evaporation in grams from Carrizo surfaces is 5.69, Carrizo subsur- 
faces 6.03, Mount Selman surfaces 5.91, Mount Selman subsurfaces 7.29, 
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TABLE VI. Soil Factors 
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Van Zandt 


Anderson 
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Robertson 
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Milam. 


‘| 
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Caldwell... .| 


Gonzales.... 
Gonzales 


Wilson. .... 


Atascosa.... 
Atascosa..., 
Medina..... 
iy 
Dimmit..... 


Location 


- 


5 miles northeast of Harwood. . . 
1 mile east of Harwood........ 
2 miles south of Corner Filling 
| re ee i 
City limit Sutherland Springs. . . 
.5 mile north of Leming. . ae 
West city limit of Poteet. 
9 miles west of Devine...... , 
3 miles west of Pearsall... ..... 


2 miles west of Big Wells 


fa 2) 


Water holding 


Ss 

= 5 

yy &. 
South edge of Marshall... ......../30.81 
South edge of Edom. ; 19.10 
5 miles west of Palestine... .... 28.41 
12 miles north of Lufkin. ........ 136.61 
2 miles west of Franklin 2913 
6 miles west of Hearne re 2776) 
13.5 miles south of Rockdale... . 27.56 
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TABLE VII. Soil Factors 
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Location 


South edge of Marshall 

South edge of Edom. 

5 miles west of Palestine... . 

12 miles north of Lufkin. 

2 miles west of Franklin....... 

6 miles west of Hearne......... 

13.5 miles south of Rockdale... 

5 miles northeast of Harwood. . 

1 mile east of Harwood. Reeen 

2 miles south of Corner Filling 
Station. ee eee 

City limit of Sutherland Springs 

.5 miles north of Leming.... 

West city limit of Poteet 
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Average 
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Wilcox surfaces 6.52, and Wilcox subsurfaces of 6.28. The average maximum 
daily evaporation in grams from Carrizo surfaces is 14.19, from Carrizo sub- 
surfaces 17.73, Mount Selman surfaces 14.55, Mount Selman subsurfaces 
18.12, Wilcox surfaces 14.46, and Wilcox subsurfaces 20. Evaporation 
takes place more slowly from the coarse-grained Carrizo sands than from the 
fine-textured Mount Selman and \WVilcox soils. 

Daily evaporation for representative samples is expressed by curves in 
Figures 7 and 8. As can be observed the curves for surfaces run relatively 


close together up to the fourteenth day. At this point Mount Selman and 











Fic. 9. A relict growth of post oak on Wilcox in Milam County. The growth habit 
here approximates that on Carrizo a hundred miles farther southwest. 












\ilcox curves rise suddenly and a greater daily evaporation 1s maintained for 
some five or six days. The sudden rise is coincident with the cracking and 





loosening of this type of soil which exposes a much greater evaporation sur- 





face and evidently causes the increased rate. Carrizo sand is not subjected 





to cracking, hence shows no such increase in evaporation rate. Subsurface 





curves exhibit less variation from each other because in general they represent 





evaporation rates from more uniformly similar soils. 





Accompanying relative humidity curves plotted from Weather Bureau 





records for the period correlate with the evaporation rate curves. With a rise 
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in relative humidity, there is a lowering of the evaporation rate, and vice 
versa. 
The studies on surface evaporation were concluded by using a set 


ot 
typical subsurface samples placed in soil chimneys as above outlined, each 
being saturated and then mulched with an inch of its own dry surface soil. 
Results of this experiment show the average daily evaporation in grams under 
these conditions to be Carrizo 1.62, Mount Selman 2.27, and Wilcox 2.34. 
Average maximum daily evaporation in grams is Carrizo 2.03, Mount Sel- 
man 2.48, and Wilcox 2.72. The coarse-grained Carrizo sand forms the most 


etfective mulch. 


if 





ot APR J 3 eee 
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Fic. 10. Growth habit of the blackjack member of the oak-hickory association 
on Carrizo in Caldwell County. Other members of the association are indistin 
guishable in the background. 


Hydrogen-ion. Yor Carrizo, the average of all surface tests is pl 7.18, 
and for subsurfaces pH 7.13. The range in the surfaces is from pll 6.35 to 
pH 7.94, and in the subsurfaces from pH 5.58 to plT 8.12. Wilcox surfaces 
average pH 7.51, and the subsurfaces pH 7.39. pH 6.92 to pH 7.92 consti- 
tutes the range in the surfaces, and pH 6.94 to pH 7.78 constitutes the range 
in the subsurfaces. Surfaces for Mount Selman averages pll 7.29, and sub 
surfaces average pH 7.19. In the former the range is from pH 6.43 to pl 
7.78, while in the latter the range is from pH 6.52 to pH 7.80. From these 
results the soils from the three geologic formations fall into three groups 
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according to the pH value. Carrizo samples prove to be the most acid, while 
those from Wilcox are the most alkaline. Mount Selman samples are inter- 
mediate. The tendency toward greater alkalinity in all formations is found 
toward the southwest, while the tendency toward greater acidity, as a general 


thing, is found toward the northeast. 





SAE SG RE Sy 
sim a i 
a, ee ae ip 


re. 
% 





Fic. 11. Post oak on Carrizo in Caldwell County. Tree trunks 
are much better developed in this vicinity than they are in Medina 
County and the height of trees is practically twice as great. 
Density of stand is also much more marked. 

Chemical composition. Data on the chemical analyses of soil types cor- 
responding to those collected in this problem have been published by Fraps 
(1913-1924). A summary of the analyses of a representative number are 
shown in Table VIII. 

These analyses show that very small differences exist between soils of 
Mount Selman and Wilcox. Carrizo, however, differs in several of its con- 
stituents from either of these, the most striking differences appearing in the 


percentages of alumina and oxide of iron, and in the insoluble and soluble 


silica. Mount Selman and Wilcox soils have a lower percentage of silica, and 
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TaBLe VIII. Summary of Chemical Composition—1, Surface; 2 Subsurface. 








| = « 3 m= ae yo v 
S F ~ °F sy == cf e 
e , 14 we ; = 2581 38.| os = 
s| $3 = = = E = Ss.£) Gao a's 5 
Zi\Gei Zz | 6 a i: a facil maa |wer | a 
Carrizo SANDS 
10 Samples 
Maximum. 1 .03 OS: 1 220 |. 3:44 54 V7 1-3.2841 98:29 3.06 | 1.16 
Minimum 1 .O1 .017| .045) .48 .O5 .07 31 | 92.26 70 18 
Average | :027 | O27) 2123) 1-08 193) .119] 1.296) 96.573 | 1.317] .353 
Maximum. . 2 | cov 05: 325 | 4:06 28 .18 | 4.31 | 98.84 1.55 1 b.07 
Minimum 2/1 .0025! .O1 03 .19 O04 07 35 | 91.91 40 05 
Average 2 | <G22 | <O25| 19S} 2.09 mob .103) 1.397] 97.110 .827| .266 
Wiicox 
10 Samples 
Maximum..... l .042 | .061|} .915) 1.00 | 2.28 80 (15.32: | 95.07 See oS 
Minimum l .02 OS 1 1 30 Ol OF 1) F721 72.39 1.69 a7 
Average l O33 O05] 334 631 .591) 2.18 | 5.838] 86.793 | 2.967) 1.985 


x 


Maximum..... 2 |. 205 M6) 295" |: TeAGe 86. E27 11S. TS} 9d. .10 | 6.60 
Minimum 2} .62 O80 (13 26 205 .12 | 3.61 | 64.64 1.44 .29 
Average 2 | .037 | .046) .402) .655] 1.506) .41 |12.061! 76.208 | 4.465) 3.702 
Mount SELMAN 

12 Samples 


Maximum..... 1 | .09 11 52 | 1.44 38 Ry 7 2 Me se Ses SIP Laeke 
Minimum Lf 2082} ..02)) 203 22 O05 .09 | 1.08 | 82.34 BF 16 
Average 1 | .035 | .044) .239 747 176} .211) 4.014) 92.190 | 1.725) .880 
Maximum. 2 | 208 O62). 264) 1) 22 .26 36 116.26 | 97.71 5.75 | 4.26 
Minimum 2} .Ol 02 | .07 40 .O5 a ¥- .99 | 73.79 58 26 
Average 2 O31 .040) 2265 tie . 141 210) 8.340} 85.948 2.605) 2.046 





a higher percentage of alumina and oxides of iron than Carrizo. This fact 
indicates the presence of less clay or colloidal material in the sandy soil. In 
most cases the soils with a lower percentage of silica show a greater per- 
centage of lime, and hence are alkaline in reaction. This is shown by checking 


against the tables for pl values. 


CLIMATIC FACTORS 


The climatic factors investigated are precipitation, relative humidity, 
evaporation, temperature, and frost. Data on these, with the exception of 
evaporation, have been obtained through the Weather Bureau of the United 
States Department of Agriculture (1930). The maximum number of vears 
during which records have been kept of each factor for each station is 
indicated. Light intensity analyses were omitted because light intensity over 
the entire area investigated is evidently very high and the number of essen 


tially cloudless days a large majority of the total. Tabulation of climatological 


data follows: 
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TaBLe IX. Precipitation: Average Monthly and Annual Amounts in 
Inches and Hundredths. 








County Station 


Length of 
record, years 
February 
| October 

| November 

| Annual 


April 
May 


| June 
. | December 


| January 


Harrison.. Marshall .... 30 
Van Zandt. Grand Saline. 6 
Angelina.. Lufkin...... 26 
Anderson... Palestine.... 51 
eo ee 14 
Limestone. Groesbeck... 10 
Robertson. Valley 

Junction.... 49 
Milam.... Cameron.... 23 
Wilhamson Taylor 36 
Gonzales. . Gonzales 
Caldwell .. Luling.... 
Wilson.... Sutherland 

Springs. ... 701. »2513.153.051.24 .893.691. 
Atascosa... Rossville.... .23.1.732.042.832.931.891.591.783. 
Medina... Devine..... 7h sg .73'3.5013 .07/2.27/1.15)1.46/1. 

Pearsall. ... ; ‘ .922.062.632.361.981.052.5 

Zavalila....| La Pryor... . ; .831.082.302. .702.152.01/2. 
Dimmit... Carrizo 

Springs... : : .001.432.202.531.482.643.2 
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X. Relative Humidity (Percentage). 
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Anderson Palestine. . . 14 yrs.; 10 mos. 
Limestone........| Groesbeck. . 12 vrs.; 11 mos. 
Williamson. . | Taylor 14 yrs.; 10 mos. 
i ne Ser 4 yrs.: 10 mos. 
Valverde. ........| Del Rio 14 yrs... 9 mos. 
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Precipitation. The annual average precipitation ranges from more than 
45 inches in the northeast extremity of Carrizo to 21 inches in the southwest. 
Toward the west throughout the entire area the rainfall continues to decrease 
gradually at a rather constant rate. The character of the rainfall and the 


regularity of its distribution throughout the seasons vary in different parts 


of Carrizo. The longer heavier rains are common in northeast Texas and 


long continued droughts are infrequent in this area occurring only in the dry 
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phases of the climatic cycle. 
soil moisture. 
in nature, and to come with less regularity. 
higher percentage run-off in this region, especially on the finer, more compact 
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Rainfall is usually ample to provide 


soils of Wilcox and Mount Selman. 


TABLE XI, 


Temperatures: 





In the coarse, loose Carrizo sands, how- 


This situation gives rise to a 


Farther westward the rains are more inclined to be 


Average Monthly and Annual Amounts in 
Degrees and Tenths. 
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TABLE XII. Frost Data 








cr 
autumn 
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‘arliest date of 
killing frost 
autumn 


of last killin 
growing 


frost 
of first killing 


Length of 
recorG 
Average date 
Average date 
frost in 

last killing 
trost to first 
killing frost 


(Jet. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


Nov. 
Nov. 


J 
_ 
— 

2 


Harrison Marshall 
Angelina Lufkin 
Anderson Palestine Nov. 
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Milam Cameron Mar. 13 Nov. 2 
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ever, there is a high degree of porosity which increases percolation thus 
reducing run-off. Figure 14 shows the average monthly precipitation at 
Marshall in the northeast, at Valley Junction in the central part, and at 
La Pryor near the southwest extremity of Carrizo. At Marshall the greatest 


precipitation occurs during the winter and spring months, the maximum being 


in April. There is a precipitation in excess of four inches during January, 


Fic. 12. Hickory growth habit on Carrizo. Caldwell County. 
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Fic. 13. Precipitation and mean annual temperature. 
(From U. S. weather bureau). 




















Jon feb Mowe for May June uly Bud ent Oct Nov 
| 
Ce 
~ 
y, 
7 
—— 
i 
4 
mS 
a —— —-+— - 4 ; 
| 
0 | ; 7 oa die J 











Fic. 14. Average rainfall in inches by months: at Marshall in northeastern Car 
rizo, continuous line; at Valley Junction in the central part, broken line; at La Pryor 
in the southwest, dotted line. 
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March, May, and December. For no month is there less than 2.37 inches. 
As a result, Marshall has a long moist growing season. .\t Valley Junction 
the spring, fall, and early winter are characterized by the heaviest precipita- 
tion. April and May are the only two months in which there is more than 
four inches. The growing season is somewhat hampered by the scantiness 
of rainfall during the summer months. At La Pryor the greatest precipita- 
tion occurs during the spring, summer, and early fall. The growing season 
begins early and is usually unbroken up to November. Precipitation during 
these months, however, is rather low as compared with that of points in the 
central and northeastern parts of Carrizo. The length of the moist season 
decreases from twelve months in the northeast to five in the southwest, and 


the total amount of precipitation decreases more than half. 
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Fic. 15. Mesquite mixed with post oak near the southwestern limit of the latter 

on Wilcox. Guadalupe County. 

Relative humidity. Data for this factor are limited because the Weather 
Bureau has only a small number of stations in the Carrizo. With the ones 
there are, and a few others which are near, however, some significant tabula- 
tions have been possible. Shreveport, Louisiana, has been chosen for the 
most eastern station and Del Rio for the most western one. The former is 
the nearest station to Marshall; the latter is the nearest one to Carrizo 
Springs. A comparison of the tables reveals that humidity varies directly 
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with precipitation. The atmosphere becomes increasingly drier from the 
northeastern to the southwestern part of Carrizo. The readings for 12 o'clock 
noon and the average minimum humidity are the most significant of all. 
Beginning at Shreveport, with a noon reading of 58.76 per cent, there is a 
gradual decrease to Del Rio which has a noon reading of 52.26 per cent. 
The average of the minimum percentage is 30.55 for Palestine, and 24.54 
for Del Rio. 

Evaporation. Owing to the lack of advantageously situated stations, data 
for this factor are unavailable at the Weather Bureau. Furthermore, the 


geographic extent of the Carrizo and adjoining geologic formations is so 





Fic. 16. Oak-hickory association on Carrizo in Atascosa County. Compare 
density of stand and size of trees with the following. 
great that it was found impossible to conduct standard evaporation tests for 
this problem. However, the factor can be treated briefly to some advantage 
in the light of such related factors as precipitation, humidity, and air temper- 
ature. The accompanying data show that there is a gradual decrease in 
precipitation and relative humidity from northeast to southwest within the 
area, and similarly a gradual increase in temperature. [evaporation is there- 
fore least in the northeastern extremity of Carrizo, and gradually increases, 
reaching a maximum in the southwestern extremity. 

Temperature. The average date of the last killing frost in the spring is 


March 23 in the northeast, while in the southwest it is March 1, a ditference 
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of more than three weeks. For these readings, Marshall is taken for the 
former, and Eagle Pass for the latter. At Jewett and Luling, two advan- 
tageous intermediate points, these dates are March 23 and March 6, re- 
spectively. The average date of the first killing frost in autumn is November 
7 at Marshall, November 10 at Jewett, November 21 at Luling, and Novem- 
ber 21 at Eagle Pass. Thus, there is a growing season of 229 days at 
Marshall, 232 days at Jewett. 200 days at Luling, and 265 days at Eagle Pass. 
The latest date of killing frost in spring is April 25 at Marshall, April 30 at 
Jewett, April 5 at Luling, and April 5 at Eagle Pass. The earliest date of 
killing frost in autumn is October 9 at Marshall, October 10 at Jewett. 
October 27 at Luling, and October 20 at Eagle Pass. 

The summers of this part of Texas are usually hot, and relatively dry. 
Spring is moderately warm and autumn, as a general thing, is moderately 
cool. Freezing temperature in winter occurs rather seldom throughout the 
Carrizo Sands area, and temperatures below the freezing point are of short 
duration. The average monthly temperatures at the stations listed show that 
there is a gradual decrease in temperature with the increase in altitude and 
latitude toward the northeast. 

The average winter temperature for December to February is 49.4 de- 
grees F. at Marshall, 53.8 degrees F. at Cameron, and 54.8 degrees F. at 
Rossville. The average summer temperature for June to August is 82.5 
degrees F. at Marshall, 84.7 degrees IF. for Cameron, and 85 degtfees F. at 
Rossville. The average annual temperature for Marshall is 66.4 degrees F., 
for Cameron 68.2 degrees I*., and for Rossville 69.9 degrees F. The mean 
maximum temperature is 77 degrees F. for Marshall, 80.8 degrees F. for 
Cameron, and 81.2 degrees for Rossville. The mean minimum temperature 
for Marshall is 54 degrees F., for Cameron 55.7 degrees F., and for Rossville 
58 degrees F. Insufficient data prevent the giving of any significant facts for 
stations farther toward the southwest. 

The average maximum and minimum temperatures give some idea of the 
wide range through which the temperature fluctuates. These are of con- 
siderable importance since plant distribution may be controlled by temperature 


extremes. 
CARRIZO VEGETATION 
DOMINANTS 
Carya buckleyt Durand Quercus marylandica Muench. 
Carya buckleyi var. arkansana Sargent Quercus stellata Wang. 
SERAL TREES 
Liquidambar styraciflua L. Quercus phellos L. 
Prosopis glandulosa Torr. Quercus rubra L. 
Ouercus alba L. Quercus velutina Lam. 
Quercus cinerea Michx. Quercus virginiana Mill. 
Ouercus macrocarpa Michx. Viburnum rufidulum Rat. 


Ouercus nigra L. 
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Batodendron arboreum (March.) Nutt. 
Bumeha lanuginosa (Michx.) Pers. 
Cercts canadensts L. 

Diospyrus virginiana L, 

Ilex decidua Walt. 


Acacia amentacea DC. 

-lcacia berlandieri Benth. 

-lcacia constricta Benth. 

Adelia angustifoiia (Torr.) Kuntze 
Ascyrum hypericoides L. 

elsimina parviflora Michx, 
Callicarpa americana L. 

Ceanothus americanus L. 

Condalia obovata Hook. 

Guaiacum sanctum L, 
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SOCIETIES 


SMALL 








TREES 





\it. 


Rhus copallina var. 


Ilex vomitoria 





lanceolata A. Gray 
Sassafras sassafras (L.) WKarst. 
Ptelea trifoliata LL. 

Nanthoxylum clava-hereulis L. 


BS 








Lantana horrida H. B. Kk. 

Opuntia macrorhisa Engelm. 
Phoradendron flavescens Nutt. 

Rhus aromatica Ait. 

Rhus toxicodendron L. 

Rubus trivialis Michx. 

Schmaltsia aromatica ( Ait.) Desv. 
Yucca arkansana Trel. 

Zizyphus obtusifolia (Hook.) A. Gray 


LIANAS 


Ampelopsis arborea (L.) Rusby 
Ampelopsis quinquefolia (L.) Michx. 
Cissus inctsa Desmoul. 

Smilax bona-box L. 


Acalypha gracilens A. Gray 

Acalypha radicans Torr. 

Achillea millefolium L. 

Adopogon occidentalis Nutt. 

Allionia linearis Pursh. 

Allium helleri Small 

Ambrosia psilostachya DC. 

Anemone caroliniana Walt. 

Aphanostephus skirrobasis (DC.) Trel. 

Argemone alba Lestib. 

Argemone platyceras Link and Otto 

Artemisia mexicana Willd. 

Asclepias amplexicaulis J. E. Smith 

Asclepias lindheimert Engelm. 

Asclepias tuberosa L. 

Asclepiodora decumbens (Nutt.) A. Gray 

Asclepiodora viridis (Walt.) A. Gray 

Baptisia leucophaea Nutt. 

Bellis integrifolia Michx. 

Boerhaavia decumbens Vahl. 

Boerhaavia erecta L. 

Brazoria truncata (Benth.) Engelm. and 
Gray 

Calymmandra candida T. and G. 

Capnoides montanum (Engelm.) Britt. 


HERBS 


Tecoma radicans (L.) DC 
Vitis candicans Engelm. 
Vitis linsecomtt Buckl. 






Cassia occtdentalis L. 
Carduus austrinus Small 
Carduus horridulus 

Cebatha carolina (L.) Britt. 
Centaurea americana Nutt. 
‘haerophyllum teinturtert: Hook. 


~~ 


Chamaecrista cinerea (C. and S.) Pollasé 
Chamaecrista fasciculata (Michx.) Greene 
Chamaesyce cordifolia (Ell.) Small 
Chamaesyce prostrata ( Ait.) Small 
Chenopodium album L. 

Cuidoscolus texanus (Muell. Arg.) Small 
Commelina angustifolia Michx. 
Commelina crispa Wooton 

Cooperta pedunculata Herb. 

Coreopsis cardaminefolia (DC.) T. and G. 
Coreopsis drummondtt (D. Don.) T. and G. 
Cracca lindheimeri (A. Gray) Kuntze 
Cracca virginiana L. 


Cristatella erosa Nutt. 

Croton argyranthemus Michx. 
Croton capitatus Michx. 

Croton monanthogynus Michx. 
Croton texensis (K1.) Muell. Arg. 
Crusea tricocca (T. and G.) Heller 
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Cynosctadium pinnatum DC. 

Daucus pusillus Michx. 

Delphinium albescens Rydb. 

Delphinium carolinianum Walt. 

Dichondra carolinensis Michx. 

Dicrophyllum marginatum (Pursh.) Kl. 
and Garcke 

Diodia teres Walt. 

Dolicholus americanus ( Mill.) Vail 

Dolicholus minimus (L.) Medic. 

Dolicholus texensis Torr. and Gray 

Draba cunetfolia Nutt. 

Erigeron quercifolius Lam. 

Erigeron ramosus (Walt.) B.S. P. 


Fic. 17. General view of the oak-hickory 


of this association in Medina County. 


Eriogonum annuum Nutt. 
Eriogonum multifiornm Benth. 
Erythrina herbacea L. 
Eupatorium compositifolium Walt. 
Eupatorium serotinum Michx. 
Filago nivea Small 

Froelichia campestris Small 
Froelichia drummondti Mog. 
Gaillardia lanceolata Michx. 
Gaillardia pulchella Foug. 
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Galium aparine L. 

Galium texanum (T. and G.) Wiegand 
Geranium texanum (Trel.) Heller 
Gilia rubra (L.) Heller 

Gnaphalium purpureum L. 

Hamosa leptocarpa (T. and G.) Rydb. 
Helenium elegans DC. 

Helenium tenuifolinm Nutt. 
Helianthemum rosmarinifol:ian Pursh. 
Helianthus annuus L. 

Helianthus argophyllus T. and G. 
Helianthus cucumerifotius T. and G. 
IIetcrotheca subaxillaris (Lam.) Britt. and 


Rusl Vv 


ERE PP PS i. 


savannah at the southwestern extremity 


Houstonia minima Beck. 

Houstonia minor Michx. 

Hymenopappus carolinensis (Lam.) Porter 
Hymenopappus corymbosus T. and G. 
Hypoxis hursuta (L.) Coville 

Indigofera leptosepala Nutt. 

Indigofera lindheimeriana Scheele 
Ipomoea trifida (H. B. K.) G. Don. 
Juncus dichotomus Ell. 

Krameria secundiflora DC. 
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Laciniaria elegans (Walt.) Kuntze Mauchia hirtella (T. and G.) Kuntze 
Laciniaria punctata (Hook.) Kuntze Mecardonia procumbens (Maill.) Small 
Lathyrus pusillus Ell, Metbomia wrightti (A. Gray) Kuntze 
Lechea tenuifolia Michx. Melampodium ramosisstmum DC, 
Lepidium apetalum Willd. Modiola caroliniana (L.) G. Don. 
Lepidium medium Greene Mollugo verticillata L. 
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Fic. 18. Hickory (extreme left), live oak (left center) and 
blackjack (right) in Carrizo Sands. Medina County. 


Lepidium virginicum L. Monarda dispersa Small 

Leptilon canadense (L.) Britt. Monarda fistulosa L. 

Lespedeza frutescens (L.) Britt. Monarda mollis L. 

Lespedesza prairea (Mack. and Bush) Britt.  onarda punctata L. 

Lespedesa virginica (L.) Britt. Morongia uncinata (Willd.) Britt. 
Lesquerella recurvata (Engelm.) S. Wats. Neptwnia lindhetmert Robinson 
Linaria texana Scheele Nothoscordium bivalve (L.) Britt. 
Lithospermum gmelini Michx. Nuttallia stricta (Osterhout) Greene 
Lithospermum linearifolium Gold. Oenothera heterophylla Spach. 
Lupinus subcarnosus Hook. Ovnothera laciniata Hill 
Malvaviscus drummondu T. and G. Oenothera laciniata grandis Hill 


Marilaunidium hispidum (A. Gray) Kuntze — Partetarta obtusa Rydb. 
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Paronychia druimmondt T. and G. 

Parosela aurea (Nutt.) Britt. 

Pentstemon murrayanus Hook. 

Pentstemon paucifloris 

Phacelia patuliflora (FEngelm. and Gray) 
A. Gray 

Phlox aspera FE. Nelson 

Phlox drummondu Hook. 

Phlox tenuis (A. Gray) E. Nelson 

Phlox villosisstma (A. Gray) Small 

Physalis ambigua (A. Gray) Britt. 

Physalis mollis Nutt. 

Phytolacca decandra L. 

Plantago rhodosperma Decne. 

Plantago spinulosa Decne. 

Plantago virginica L. 

Plantago wrightiana Decne. 

Polygala incarnata L. 

Polypremum procumbens L. 

Polypteris texana (DC.) A. Gray 

Prunella vulgaris L. 

Psoralea esculenta Pursh 

Psoralea rhombifolia T. and G. 

Rattbida columnaris (Sims) D. Don. 

Roripa walteri (ENM.) Mohr. 

Rudbeckia bicolor Nutt. 

Rudbeckia hirta L. 

Rumex hastatulus Baldw. 

Sagina decumbens T. and G. 

Scutellaria drummondu Benth. 

Sesbania macrocorpa Muhl. 

Sida angustifolia Lam. 

Silene antirrhina L. 


Agrostis hyemalis (Walt.) B.S. P. 


Andropogon saccharoides var, submuticus 


Vasey 
Andropogon scoparins Michx. 
Aristida gracilis Ell. 
Aristida longiseta Steud. 
Aristida oligantha Michx. 
Aristida purpurea Nutt. 
Bouteloua texana §. Watts. 
Capriola dactylon (L.) Kuntze 
Cenchrus paucifiloras Benth. 
Chaetochloa macrostachya (H. B. K. ) 
Scribn. and Mer. 
Chloris cucullata Bisch. 
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Silphium asperrimum Hook. 

Solanum nigrum L. 

Solanum triquetrum Cav. 

Solidago serotina Ait. 

Sonchus asper (L.) All. 

Sophia pinnata (Walt.) Britt. 

Specularia perfoliata a) ae EE 

Spermolepis divaricatus (Walt.) Raf. 

Stellaria nuttallii T. and G. 

Stillingia sylvatica L. 

Strophostyles pauciflora (Benth.) S. Wats. 

Falinum parviflorum Nutt. 

Tetragonotheca ludoviciana (T. and G.) 
A. Gray 

Thymophylla wrightiti (A. Gray) Small 

Tillandsia usneoides L. 

Tithymalus arkansanus Engelm. and Gray 

Tradescantia brevicaulis Rat. 

Tradescantia hirsuticaulis Small 

Tradescantia occidentalis Britt. 

Tragia ramosa Torr. 

Trifolium carolinianum Michx. 

U'rtica chamacdryoides Pursh. 

Verbascum thapsus L. 

Verbena officinalis L. 

Vernonia texana (A. Gray) Small 

Veronica peregrina L, 

Vicia leavenworthi T. and G. 

Vincetoxicum biflorum (Raf.) Heller 

Viola missouriensis Greene 

Nanthisma texana DC. 

NXimenesia encelioides Cav. 

Zornia bracteata (Walt.) Gmel. 


(GRASSES 


Elymus canadensis L. 
Eragrostis secundiflora Presl. 
Festuca octoflora Walt. 
Hordeum pusillum Nutt. 
Limnodea arkansana Nutt. 
Panicum helleri Nash. 
Panicum lindheimeri Nash 
Paspalum ciliatifolium Michx. 
Phalaris caroliniana Walt. 
Poa annua L. 

Sphenopholis obtusata 
Sporobolus cryptandrus (Torr.) A. Gray 
Stipa leucotricha Trin. 





April, 1933 = =VEGETATION AND Hapirar Factors oF CARRIZO SANDS 


Witcox AND Mount SELMAN VEGETATION 


The vegetation of Wilcox and Mount Selman was not critically studied. 
The statements in this section are based, therefore, upon more or less inci- 
dental observations made mostly during the summer. In these, as in the 
case of Carrizo, the oaks and hickory are dominant. In most localities, how- 
ever, the characteristic growth and general appearance of these trees differ 


from the characteristic growth and general appearance of the same species 


Fic. 19. Blackjack on typical Carrizo in Medina County. Note 

the short trunk and low wide spreading crown. 
upon Carrizo sands in the same vicinity. For example, the oaks are lower, 
more scrubby, and in many cases even brushy upon Mount Selman and Wil- 


cox; while upon Carrizo the same species are taller with longer smoother 
Hickory upon Mount Selman and 


trunks and less densely branching tops. 
Wilcox is shorter and the trunks usually smaller than upon Carrizo. 
Several of the small-plant societies characteristic of Mount Selman and 
Wilcox are found also upon Carrizo. There are many, however, which are 
On the other hand, a number of the most characteristic societies of 


not. 
appear upon Mount Selman and Wilcox. [:xamples of 


Carrizo do not 
societies conspicuous on all three formations are: Anemone caroliniana, 
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Argemone alba, Callicarpa americana, Carduus austrinus, Commelina angus- 
tifolia, Daucus pusillus, Ilex vomitoria, Smilax bonanox, Tecoma radicans, 
and Vitis candicans. -xamples of societies conspicuous on Mount Selman 
and Wilcox but not on Carrizo are: Calophanes linearis, Gaillardia suavis, 
Gaura suffulta, Hartmannia speciosa, Meriolix drummondiana, Nemastylis 
acuta, Sabbatia campestris, Sitilias multicaulis, Solanum elaeagnifolium, and 
Verbena pumila. Iexamples of societies conspicuous on Carrizo only are: 
Asimina parviflora, Cristatella erosa, Cracca lindheimeri, Eriogonum multi- 
florum, Eupatorinm compositifolinm, Froelichia drummondi, Gilia rubra, 
Helianthus cucumertfolius, Oenothera lactniata grandis, Pentstemon mur- 
rayanus, Tetragonotheca ludoviciana, and Tradescantia brevicaulis. 

An incomplete list of representative Mount Selman and Wilcox vegetation 


is given below: 
DOMINANTS 


Carya buckleyi Durand Quercus marylandica Muench. 


Carya buckleyi var. arkansana Sargent Quercus stellata Wang. 
SERAL TREES 


Prosopis glandulosa Torr. Quercus rubra L, 
Quercus alba L. Quercus velutina Lam. 


Quercus macrocarpa Michx. Quercus virginiana Mill. 


Ouercus nigra L. Viburnum rufidulum Raf. 


Ouercus phellos 1... 
SOCIETIES 
SMALL TREES 


Batodendron arboreum (Marsh.) Nutt. Ilex decidua Walt. 


Bumelia lanuginosa (Michx.) Pers. Ilex vomitoria Ait. 
Rhus copallina var. lanceolata A. Gray 


Cercis canadensis L. 
Xanthoxylum clava-herculis L. 


Diospyrus virginiana L. 
SHRUBS 
Adelia angustifolia (Torr.) Kuntze Opuntia macrorhisa Engelm. 
Ascyrum hypericotdes L. Phoradendron flavescens Nutt. 
Callicarpa americana L. Rhus aromatica Ait. 
Crataegus apiifolia (Marsh.) Michx. Rhus toxicodendron L. 
Crataegus spathulata Michx. Rubus trivialis Michx. 
Lantana horrida H. B. K. Yucca arkansana Trel. 


LIANAS 


Ampelopsis arborea (L.) Rusby Smilax bona-nox L. 
Ampelopsis quinquefolia (L.) Michx. Tecoma radicans (L.) DC. 


Cissus incisa Desmoul. Vitis candicans Engelm. 


HERBS 
Achillea millefolium L. Argemone alba Lestib. 
Allium helleri Small Artemisia mexicana Willd. 
Asclepias amplexicaulis J. E. Smith 


Ambrosia psilostachya DC. 
Asclepias tuberosa L. 


Anemone caroliniana Walt. 
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Asclepiodora decumbens (Nutt.) A. Gray 
Asclepiodora viridis (Walt.) A. Gray 
Baptista leucophaca Nutt. 
Boerhaavia decumbens Vahl. 
Callirrhoe involucrata (Nutt. ) 
Calophanes linearis (T. 
Carduus austrinus Small 


A. Gray 
and G.) A. Gray 


‘arduus horridulus 


Oo 


‘arex sparganioides Muh. 

‘astilleja indizisa Engelm. 

‘athartolinum multicaule (Hook.) Small 
‘ehatha carolina (L.) Britton 
‘haerophyllum teinturtert Hook. 


‘hamaecrista fasciculata (Michx.) Greene 


‘ommelina crispa Wooton 
‘ooperia pedunculata Herb. 


‘oreopsis drummondtt (D, Don.) T. and G, 


( 

( 

( 

( 

( 

( 

Chenopodium album L. 

( 

( 

( 

Croton capitatus Michx. 

Croton monanthogynus Michx. 

Croton texrensis (K1.) Muell. Arg. 

Datura meteloides DC. 

Daucus pusillus Michx. 

Delphinium albescens Rydb. 

Dichondra carolinensis Michx. 

Dichrophyllum marginatum (Pursh.) Kl. 
and Garcke 

Dolicholus americanus ( Mill.) Vail. 

Draba cuneifolia Nutt. 

Elephantopus tomentosus L. 

Engelmannia pinnatifida T. 

Eupatorium serotinum Michx. 


and G. 


Filago nivea Small 

Gaillardia pulchella Foug. 

Gaillardia suavis (A. Gray) Britton and 
Rusby 

Gaura parviflora Dougl. 

Gaura sinuata Nutt. 

Gaura suffulta Engelm. 

Geranium texanum (Trelease) Heller 

Grindelia squarrosa Dunal. 

Hamosa leptocarpa (T. and G.) Rydb. 

Hartmannia speciosa (Nutt.) Small 

Helenium tenuifolium Nutt. 

Helianthemum rosmarinifolium Pursh 

Helianthus annuus L. 

Heterotheca subaxillaris (Lam.) Britt. 
and Rusby 

Houstonia minima Beck. 

Houstonia minor Michx. 


Hymenopappus corymbosus T. and G, 
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Indigofera leptosepala Nutt. 

Laciniarta elegans (Walt.) Kuntze 
Lechea tenutfolia Michy. 

Lepidium apetalum Willd. 

Lepidium medium Greene 

Leptilon canadense (.) Britton 
Linaria texana Scheele 

Lindheimera texana Gray and Engelm. 
Lithospermum lineartfolinm Gold. 
Varrubinm vulgare L. 

Mauchia hirtella (T. and G.) Kuntze 
Mertolix drummondiana (Spach.) Small 
Vonarda mollis 1. 

Monarda punctata L. 

Morongia uncinata (Willd.) Britton 
Nemastylis acuta Bart. 

Nothoscordium bivalve (1...) Britton 
Parietaria obtusa Rydb. 

Pentstemon pauctfloris 

Phlox drummondtt Hook. 

Phlox tenuts (A. Gray) FE. Nelson 
Physalis ambigua (A. Gray) Britton 
Phytolacca decandra L. 

Plantago rhodosperma Decne. 

Plantago virginica L. 
Polypteris texana (DC.) 
Portulacca oleracea 1. 
Portulacca pilosa L. 
Quamasia hyacinthina (Rat.) Britton 


A. Gray 


Ranunculus macranthus Scheele 
Ratibida columnaris (Sims.) D. Don. 
Rhus toxtcodendron L. 

Rubus trizvialis Michx. 

Rudbeckia bicolor Nutt. 

Ruellia ciliosa Pursh. 

Scutellaria drununondti Benth. 

Sida angustifolia Lam. 

Stlene antirrhina 1. 

Suphinum asperrimum Hook. 
Sisyrinchium minus Engelm. and Gray 
Sisyrinchinum texanum Bicknell 
Sitilias multicaulis (DC.) Greene 
Solanum elaeagnifolium Cav. 
Sonchus asper (L.) All. 

Sophia pinnata (Walt.) Britton 
Tradescantia hirsuticaulis Small 
Trifolium amphianthum T. and G. 
Trifolium bejartense Morice. 
Trifolium carolinianum Michx. 
Urtica chamaedryoides Pursh. 


Verbascum thapsus L. 
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Verbena bipinnatifida Nutt. 
Verbena officinalis L. 


(GRASS 


Agrostis hyemalis (Walt.) B.S. P. 

Andropogon saccharoides var. submuticus 
Vasey 

Andropogon scoparius Michx. 

Aristida gracilis El. 

Aristida longiseta Steud. 

Aristida oligantha Michx. 

Aristida purpurea Nutt. 

Bouteloua texana S. Wats. 

Capriola dactylon (L.) Kuntze 

Cenchrus pauciflorus Benthe. 

Chaectochloa macrostachya (H. B. K.) 
Scribn. and Mer. 


& 





Verbena pumila Rydb. 
Yanthisma texana DC. 


~ 


Chloris cucullata Bisch. 
Elymus. canadensis L. 
Eragrostis secundiflora Presl. 
Festuca octoflora Walt. 
Hordeum pusillum Nutt. 
Limnodea arkansana Nutt. 
Panicum helleri Nash 
Paspalum ciliatifolium Michx. 
Phalaris caroliniana Walt. 
Poa annua L. 


Sporobolus cryptandrus (Torr.) A. Gray 
Stipa leucotricha Trin, 


» 








Fic. 20. Mesquite, blackjack and live oak at the edge of Carrizo in Medina County. 
DISCUSSION 
The remarkable uniformity of the edaphic factors resident in Carrizo 
sands, together with the fact that the outcrop extends in a narrow strip across 
some four hundred and fifty miles of territory involving progressive climatic 
change from humid in the northeast to semiarid in the southwest, constitutes 
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an excellent natural setting for evaluating the effectiveness of climatic control 


over vegetational composition and physiognomy. 





The oak-hickory association, covering a precipitation range from more 





than forty-five inches to about twenty-five, in a region of increasing tem- 





perature, decreasing humidity and consequently increasing water demands, 





is the most striking vegetational feature. The same association, without 
Ouercus cinerea, occurs on Wilcox, Mount Selman and Reynosa under con- 






ditions of ample rainfall, but decreasing rainfall causes it to drop out sooner 
on all of these than upon Carrizo. Details of the distribution of the several 






associational dominants in Carrizo is as follows: 

Post oak (Quercus stellata) is the outstanding dominant, and is found in 
the entire belt from the northeastern extremity to some eight or ten miles 
within the northern boundary of Medina County. Variously associated with 
it are blackjack (Quercus marylandica), Hickory (Carya buckleyt) and sand- 
jack (Q. cinerea). The western limit of post oak, blackjack oak. and hickory 
is in Medina County; that of sandjack in the Sand Hills of Caldwell County 
one hundred miles to the northeast. Live oak (Q. virginiana) overlaps post 
oak and blackjack from northern Atascosa County southward, extending be- 
low Devine eight or ten miles to the first interrupting beds of Reynosa 
gravels. Mesquite (Prosopis glandulosa) fringes the southern edge of the 
post oak and blackjack and is thence coextensive southwestward with the 











Carrizo sands, constituting the sole outstanding woody dominant beyond the 
limit of live oak. Rainfall gradually decreases from 25.11 inches at Devine 
to 21.12 inches at Carrizo Springs. On Mount Selman the western limit of 






post oak and blackjack is in northeastern Wilson County, and that of hickory 





about the county line of Gonzales and Guadalupe counties. On Wilcox the 





western limit of post oak and blackjack is in eastern Bexar County, and that 





of hickory in Guadalupe County. Post oak, blackjack, and hickory thus have 





their western limits on Mount Selman and Wilcox in a region of 28-30 inches 






rainfall. Sandjack is not found upon either Wilcox or Mount Selman, while 





live oak and mesquite appear farther to the northeast (Guadalupe County in 





Wilcox ; Gonzales in Mount Selman) than in Carrizo, and disappear sooner as 





dominants southwestward. 
In addition to these woody dominants of the vegetation, many plants of 





smaller stature constituting societies are found in the Carrizo sands. The 





most important ones of these can be conveniently grouped under such head 





ings as small trees, shrubs, flowering herbs, lianas, and grasses. A striking 





feature of these societies is that a majority of them occur throughout the 





Carrizo sands, constituting additional evidence of a uniformity in habitat. 





While Reynosa gravel beds have not constituted a part of this problem 





except as their distribution has injected them into it, enough is known of 






their vegetational cover to warrant the statement that under rainfall of thirty- 
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five or thirty inches they support post oak admixed with scattered mesquite ; 
under rainfall of thirty to twenty-five inches mesquite with Condalia and 
Acacia spp.; while under rainfall of less than twenty-five inches they support 
Condalia and Acacia without mesquite. Baffling alike as to origin and dis- 
tribution, scattered widely over south-central and southern Texas, they are 
only incident to this problem because of their repeatedly interrupting the 
continuity of Carrizo, especially below Medina County. 

Mechanical analyses (Table |) reveal an especially remarkable uniformity 
in soil texture within each of the geologic formations studied. However, 
each formation is found to differ from the others, Carrizo the most widely. 
The tables also show that the least variation within any one formation is 
found in the Carrizo sands, and that this soil has a much greater percentage 


of coarse particles than the very fine sands and loams of Wilcox and Mount 





eat . po : ; 
Fic. 21. Mesquite and live oak on fine-textured compact soil at the edge of Carrizo 
in Medina County. 
Selman. As a result of its texture, the coarse-grained Carrizo sand has a 
lower water holding capacity, lower hygroscopic and wilting coefficients, lower 
surface evaporation, lower capillarity, but a higher degree of porosity and 
permeability than the fine-textured soils of Wilcox and Mount Selman. 
Tables II-VII show that the average water holding capacity of Carrizo 
surface sand (26.16) is lower than the surface of either Mount Selman 
(32.17) or Wilcox (35.19). This low value verifies the expectancy for a 
coarse-textured soil of low capillarity and great porosity. The water holding 
capacity of Wilcox and Mount Selman soils is characteristic of very fine sands 
and loams. These soils are more compact and have higher capillary action 
and lower degrees of percolation than is found in the Carrizo sands. 
Hygroscopic coefficient data (Tables IJ-VII) show surface values of 0.94 
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per cent for Carrizo, 2.25 per cent for Mount Selman, and 2.57 per cent for 
Wilcox. The sandy Carrizo soil absorbs the smallest amount of hygroscopic 
water; while the more finely divided soils of Wilcox and Mount Selman 
take up larger proportions, in accord with the well established principle that 
the hygroscopic coefficient rises as the soil texture becomes finer. Hence 
the coarseness in texture of Carrizo sands is demonstrated by its low hygro- 
scopic coefficient. 

Tables II-VII show the closeness of relationships between hygroscopic 
and wilting coefficients as embodied in these soils. The average value for the 
latter factor is 1.36 per cent for Carrizo sands, 3.53 per cent, and 3.87 per 
cent respectively for Mount Selman and Wilcox surface soils. These results 
show that water contained in the coarse sandy soil is available to plants in 
greater percentage than in either of the other two formations. 

The rate of evaporation from these soils depends upon capillary move- 
ment and relative atmospheric humidity. Data in Tables II-VII show that 
evaporation is greater from the finer-particled Wilcox and Mount Selman 
soils than from the coarse sands of Carrizo. The greater capillary action in 
the finer soils is responsible. Evaporation from subsurface soils mulched 
with dry surface soils were markedly reduced (p. 269), Carrizo sand giving 
the greatest reduction proved to be the most effective mulch of the three, 
thus indicating more effective water storage in Carrizo than in either the 
Wilcox or Mount Selman soils. 

Capillarity and porosity and the influence of the latter upon percolation 
have already been shown significant in the determination of relative moisture 
conditions in the various soils investigated. Capillary action is greater in the 
fine-grained Wilcox and Mount Selman soils than in the coarse-grained 
Carrizo sands. 

The contiguous soil areas involved do not contrast strongly in H-ion con- 
centration. Tables II-VII show, however, that mildly acid reactions are 
more prevalent in Carrizo; alkaline reactions more prevalent in Wilcox. The 
soils of Mount Selman are intermediate. Greater alkalinity, especially in 
Wilcox, is in evidence toward the southwestern extremity of these formations, 
the region of light rainfall. Under such conditions it is generally agreed 
that the upward movement of moisture caused by surface evaporation tends 
constantly to bring any soluble salts contained in the soil mass nearer to the 
surface, hence the rapid rate of evaporation characteristic of Wilcox surface 


enhances the alkaline nature of its soil. Due to the slight variations in pl 


from one formation to another, this factor is considered not to be of critical 
importance. 

Although the size of the territory involved precluded the use of atmom 
eters, data presented (Tables IX-X1) leave no doubt but that the rate of 


evaporation is greater in southwest Carrizo and its contiguous formations in 
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an atmosphere of lower rainfall, higher temperature, and materially lower 
relative humidity than in northeast Texas where a greater precipitation and a 
more humid and somewhat cooler climate prevails. The higher temperatures 
of the southwest increase the rate of evaporation, including transpiration, 
whereas the lower temperatures of the northeast bring about a decrease. 
Table X shows values of relative humidity to be higher in northeast Texas, 
and to decrease continuously southwestward. 

Comparison of the facts of specific distribution, together with those 
tabulated from analysis and experiment, constitute conclusive evidence that 
the coarser textured Carrizo sand is a better conservator of scant water than 
the finer textured Wilcox and Mount Selman. The existence of a mesic 
association over a rainfall range of from forty-five to twenty-five inches 


: ht 


hs 


Fic. 22. Live oak in the same vicinity as in the preceding figure. 
demonstrates the effectiveness of Carrizo not only in conserving scant water 
but also in facilitating the removal of a surplus. Under the humid conditions 
prevailing in northeast Texas, the ready permeability of Carrizo enables it 
to absord a heavy fall of rain and, by percolation, to pass large quantities of 
water to great depths in the sandy clay subsoil, the surplus passing on by 
underground movement to drainage channels. Though there is only in- 
ferential evidence upon which to base the statement, it seems certain that the 
percentage of surface run-off is much less in Carrizo than in either of the 
other formations involved in this study. Soil water-logging, with its aeration 
interference, occurs only after sustained periods of heavy rainfall. The rule, 
resulting from high permeability and low water holding capacity, is a quickly 
drying surface overlying and mulching a subsurface sand-clay reservoir of 
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great depth. Thus the hydric extreme is moderated to produce mesic vegeta- 


tion by Carrizo; not, however, without a serious loss of soluble salts and 
organic matter through leaching which leaves the soil comparatively sterile 
and with slightly acid reaction. Under these conditions a heavy mesic forest 
of tall trees in close stand is produced. 

Under the moderately xeric conditions which obtain at the southwestern 
distribution limit of the oak-hickory association in Medina County this 
uniform soil tends to operate in a manner exactly the same as under hydric 
conditions ; but there is little water to be absorbed. Not much of this little is 
lost however by run-off. Practically all under normal conditions is absorbed, 
percolates rapidly to subsurface layers and is there protected against surface 
evaporation by a natural mulching of the quickly drying several inches of 
surface. Thus the greater part of whatever water falls is effectively sealed 
in an underground reservoir and in high percentage rendered available to 
plant roots, enabling this soil, in a moderately xeric climate, to produce a 
mesic plant association. Here, however, the stand of trees is more open, 
and the trees themselves are lower and more spreading than in the humid 
climate northeastward. Here, also, the effect upon soluble salts and organic 
matter is very different from that in humid regions. The quantity of water 
available is normally insufficient to penetrate to great depths and little leaching 
therefore occurs. Evaporation from surface and shallow subsurface soil 
layers deposits the dissolved salts, rendering the pH higher and the soils much 
more fertile than is possible for soils to the northeast. 

Selow an annual rainfall of twenty-five inches the oak-hickory association 
seems to be unable to persist even upon Carrizo. With the exception of 
fringes along streamways, live oak hardly reappears beyond the first inter- 
rupting bed of Reynosa gravel in southern Medina County. Nowhere on 
Carrizo does mesquite grow in dense stand. In Medina County the indi 
vidual trees occasionally attain considerable size but the stand is open; while 
in Dimmit County the size is appreciably decreased and the sand is inter 
spersed with scattered Acacia, Adelia, Condalia, Guaiacum, Zizyphus, ete. 

‘rom Atascosa County southward the timber stand is sufficiently open to 
permit the grasses to assume an important role. Andropogon scoparius and 
Andropogon saccharoides are the most important natural dominants, but since 
neither can withstand intensive grazing both have largely disappeared, being 
at present replaced by Aristida gracilis, A. longiseta, 1. oligantha, A. pur- 
purea, Cenchrus pauciflorus, Chloris cucullata, Eragrostis secundiflora, and 
Sporobolus cryptandrus. Neither Bulbilis nor Hilaria belangeria (both 
stoloniferous sod formers) is able to establish itself upon Carrizo; presumably 
because of the normal dryness of the surface soil which prevents stolons from 
establishing themselves by rooting at the nodes. 


The associational sequence upon Carrizo over a four hundred and fifty 
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mile stretch of territory, the climate of which progressively varies from humid 
to semiarid, is oak-hickory under a rainfall of forty-five to twenty-five 
inches; mesquite from twenty-five to twenty-one inches. Live oak occurs at 
twenty-eight to twenty-four inches; Andropogon-Sporobolus grassland sa- 
vannah altered by grazing to Cenchrus-Chloris on the floor of open woodland 
and savannah at thirty to twenty-one inches. 

Water, here as elsewhere in the southwest, is very much the most im- 
portant factor in control of plant distribution. Carrizo, in the manner out- 
lined above, is shown to be a remarkably effective modifier of extremes in 
water content, enabling oak-hickory to extend itself remarkably in both 


directions. 


Fic. 23. Mesquite in contact with blackjack and hickory on Carrizo in Medina County. 
SUMMARY 


1. A study was made of the vegetation of the Carrizo sands with the aim 


of explaining this vegetation by means of an analysis of the correlative habitat 


factors. 

2. The Carrizo sands occupy a narrow strip of homogeneous soil which 
extends almost unbroken from Carrizo Springs on the Rio Grande northeast 
to within Cass County. 

3. Contiguous with the Carrizo sands are the Wilcox, Mount Selman, 
and Reynosa formations and these also have been given some investigation in 
order to obtain comparative data. 

4. The soil of Carrizo consists of loose coarse to fine sand varying from 
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one to several feet in depth. The subsoil is occasionally similar to that of 


the surface, a gray fine sand, or usually a varying mixture of sand and yellow- 





ish or reddish clay. Wilcox and Mount Selman soils in general consist of 





very fine sands, silts, loams, and various clay mixtures underlain by heavy 





clays. Coarse gravel deposits are characteristic of the Reynosa. 





5. The field work consisted in making analytic lists of the vegetation; in 





the collection of soil and subsoil samples from Carrizo, Wileox, and Mount 





Selman formations ; and in mapping Carrizo, vegetation and surface features 






serving as the chief guiding criteria. 






Fic. 24. Acacia berlandieri consociation (Val Verde County) typical of Reynosa 
gravel south of Medina County. 










6. In the laboratory, quantitative determinations were made of water 


holding capacity, hygroscopic coefficient, wilting coefficient, surface evapora- 





tion, and hydrogen-ion concentration in one hundred and fourteen samples. 





Mechanical analyses of both surface and subsurface soils were made ot 





twenty-six Carrizo samples, and six each of Wilcox and Mount Selman. The 





results of these are shown in graphs and tables. 





7. Data on the chemical analyses of soil types corresponding to those col 





lected in this problem were obtained from bulletins published by the Texas 





Agricultural Experiment Station. Climatological data were obtained through 
the Weather Bureau of the United States Department of Agriculture. These 






have been reduced to graphs and tables. 





8. An analysis of Carrizo sands vegetatioli shows individuality in dom 





eine 


inants and societies, and a remarkable uniformity of these within the forma- 





SARA, 


tion. Vegetation investigated on contiguous formations differs materially in 






composition or physiognomy or both from that of Carrizo. 
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9. Quantitative determinations of all edaphic factors investigated demon- 
strate a remarkable uniformity in soil characteristics within each of the 
formations investigated. [ach formation differs in these from the others, 
especially Carrizo. 

10. Climatological data show that the Carrizo sands area presents a wide 
variety of climate ranging from humid in the northeast to semiarid in the 
southwest. 

11. The remarkable uniformity in the edaphic factors of Carrizo sands 
and in the supported vegetation, suggests correlation. 

12. The ability of Carrizo sands vegetation to extend itself far beyond its 
usual range is credited to the moderating effect of edaphic factors resident 
in Carrizo upon extremes in water content both humid and semiarid. 

13. Finer texture, higher capillarity, higher hygroscopic and wilting co- 
efficients, and lower permeability render \Vilcox and Mount Selman less 
effective in leveling extremes in water supply than Carrizo, and limit the range 
of oak-hickory upon them much more narrowly. 


CONCLUSIONS 


Uniformity of edaphic factors over a materially variable climatic range 
furnishes a uniform measure for the evaluation of climatic influence upon 
vegetational composition, distribution and physiognomy. 

Kdaphic factors resident in soils determine the composition and local dis- 
tribution of plant associations. The nature of these edaphic factors depends 
in large measure upon the nature of the underlying rock mass, and especially 
upon the texture of the soil produced by weathering. Increasing fineness of 
texture enhances the effect of climatic extremes upon vegetational cover; 
increasing coarseness, at least up to that of Carrizo sands, increasingly 
mitigates such effect. 

The results of this study indicate that over any extensive area uniform 
in its origin and in its resident soil factors and approximately uniform in its 


topography, the effects of climate are reflected by gradual rather than abrupt 


changes in vegetation. Gradual changes in physiognomy are frequently more 
evident than changes in composition. Abrupt changes in vegetation, in the 
absence of abrupt changes in altitude, appear certainly to be due to effective 
soil factor differences rather than to climate. 

The factors of outstanding importance in the region covered by these 
investigations are those affecting the supply of available water. 
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